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PREFACE TO THE THIRTY-THIRD 
EDITION 


Once again it has been found necessary to revise this book and 
to issue another edition It is, however, impossible to do so without 
referring with deep legret to the death of Professor Halliburton 
to whom it has owed so much m the past, as indicated m the 
Publisher’s note It is a privilege to take up the task which 
Halliburton has done so long and so well, but the printing of 
three large editions since 1928 is an encouragement that the book 
continues to fill a need 

Those who are responsible foi the writing of text-books are m 
gieat difficulty for the teaching of Physiology is itself at the 
paitmg of the ways Its size has become so great that it is 
quite impossible for the medical student to acqune m the time 
at his disposal anything but a small fiaction of the wealth of 
detail now available, and paits of the subject which aie of little 
yiteiest from the point of view of the science of Physiology have 
gieat piactieal importance This woik, however, from the time 
of Kirkes has had one aim, the requirements of the medical 
student, which confeis on it a limitation of matenal and length 
It, theiefore, becomes necessaiy to include only the baiest descrip- 
tion of method except where it is of piactieal use later or of 
stnctiy educational value m the fundamentals of physiological 
knowledge, for it must be agreed that some acquaintance with the 
methods of acquiring physiological knowledge is of great value 
subsequently m medical reseaich 

Hew features of the book aie the insertion m dark type of 
numbers which the student ought to memorise as he goes along, 
and the mtioduction of blank pages at the end of each chaptei so 
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that points specially refeirecl to by individual teacheis may be 
inserted The first three hundred pages have been completely reset 
and revised, and extensive additions have been made to the sections 
on vitamins and ductless glands Figuies 38, 58, 71, 73, 143, 
287 and 291 aie new Yet, m spite of the laige amount of 
alterations, the book, which has been almost completely le- written 
m the last three editions, has not increased m size This has only 
been made possible by a rigid selection of material 

It is impossible to thank all the many friends to whom the 
book over a period of years owes so much In addition to those 
thanked m previous editions I should like particulaily to thank 
Professor G A Clark, Di Eobson, and Miss Shoie for many valuable 
suggestions For figure 138 I am indebted to Professor E D 
Adnan, for figure 112 to Professor Kylant Maigaiet Watson 
has again rendered splendid service m preparing and checking the 
copy and index for the press and correcting pi oofs In the lattei 
capacity I am also grateful to Dr H A Dunlop, to whose care the 
book owes much 
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PUBLISHER’S NOTE 


It may not be uninteresting briefly to recount something of the history 
of this book The original author was William Senhouse Kirkes, of St 
Bartholomew’s Hospital, and the first edition appeared m 1848 , it consisted 
of 705 pages, and contained 97 illustrations The title-page mentions that 
Dr Kirkes was assisted by Mr James Paget, who was then Lecturer on 
Physiology at St Bartholomew’s Hospital Dr Kirkes appears to have 
been a student under Mr (afterwards Sir) J Paget, and to have been 
impressed with the need of making more permanent his spoken lectures, 
and m his preface ho thanks Mr Paget for allowing him the free use of 
his manuscript lecture notes The book was, for its time, one of great 
excellence, reflecting the clear and accurate method of exposition which 
always distinguished Sir J ames Paget’s work, and Ku Ices' Physiology rapidly 
became the students’ favourite text book, and new editions appeared rapidly 
m these the book grew a little m size and m the number of illustrations, but 
showed otherwise but little change until the fourth edition came out m 1860, 
when Mr Savory’s name appeared as editor upon the title-page Mi (after- 
wards Sir William) Savory was another of St Bartholomew’s worthies, and 
at that tune was Lecturer on Comparative Anatomy and Physiology at that 
Hospital With the appearance of the sixth edition (1867), Mr Morant 
Baker (then Demonstrator of Anatomy) was associate editor, and by this 
time the book was different both in matter and arrangement, so that little 
t>f the original cc Kirkes ” remained Up to this time the publishers had been 
Taylor, Walton, & Maberly, of Gower Street In 1869, however, the book 
became the property of the present publisher (seventh edition), and this 
edition and the next (eighth, m 1872) were not much more than reprints 
of the sixth edition The ninth edition (1876), however, was completely 
revised, and Dr Klein, then the Lecturer on Physiology, appears to have 
been largely responsible for the improvement From the tenth to the 
thirteenth (1892) edition, the editorship was shared between Mr Morant 
Baker and Di Vincent D Harris, his senior Demonstrator, and as successive 
editions appeared, the woik of keeping the publication up to date fell more 
and more upon the shoulders of the latter 

In 1896, when a new edition was necessary, Mr Baker had died, and 
Dr Harris was retiring from active teaching, so Mr John Murray had to 
look round for a new editor Acting upon the advice of his friend, the 
late Sir William Gowers, he applied to Piofessor Halliburton, and when the 
latter accepted the position, the long association between the book and 
vu 
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St Bartholomew's Hospital was severed During the fifty-four years of this 
association the book saw thirteen editions Under Professor Halliburton’s 
guidance, which began m 1896, the book entered upon a new era of prosperity, 
m twenty-nine years seventeen editions— totalling one hundred and sixteen 
thousand copies — were published, so, as the book had become an entirely 
new one, the name of Kirkes was dropped, and Hallibm ton's Physiology 
became its recognised title 

In 1928 another revision became necessary , and as Professor Halliburton 
found that he needed help m preparing it, the assistance of his successor at 
King’s College, Professor McDowall, was secured 

A small change has consequently been made in the title of the book— the 
name of Professor McDowall has now been added to that of Piofessor 
Halliburton as joint author 
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CHAPTER I 

THE STRUCTURAL BASIS OF LIVING THINGS 

The Cell 

¥a kuy living organism, plant ox animal, however elaborate, can be 
shown microscopically to be made up of cells 

The higher animals and plants aie always unicellular to start 
with, but eventually the cell divides and subdivides until there is a 
mass of cells, which subsequently becomo differentiated and cany 
out many diffeient functions When cells which have similar 
functions become congregated together to form distinct anatomical 
structures we call such structures organs Each organ has its own 
work to do bat acts in harmony with other oigans This relationship 
between the oigans enables us to group the organs into systems It 
is to be noted that in the division of labou ? among the different 
l\ pes of cells, each t) pe becomes specialised and structurally modified, 
but does not acquire new properties , rather does it exalt some one 
ol the pumitive i unctions at the relative expense of most of the 
others Thus we have the digestive system which is concerned with 
the digestion of food or the piepaiatxon of substances for use m 
the body, the i espiratoi y system (an -passages and lungs) which 
provides for the intake of oxygen and the excretion of carbon dioxide, 
the product of oxidation, the circulatory system (heait and blood 
vessels) which is the groat transport system of the body, the 
urn tar y system winch gets rid of waste pioducts, the muscular 
system winch is associated with movement, the skeletal system (the 
bones;, which supports and protects the softer parts Above all, there 
I?, the nervous system (brain, spmal cord, and nerves) which is more 
immediately m < on tact with the outside world and which presides 
ovei, controls, and regulates the activities of the othei systems In 
addition theio ate certain glands which assist, by vutue of the 
vanous substances which they pour into the blood 
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The Animal Cell 

An animal cell is usually of micioscopic dimensions, and m Iho 
human body varies from to tuVu an mc ^ 111 diaiuotei 

It consists of — 

1 Cytoplasm this makes up the mam protoplasmic substance ol 
the cell 

2 Nucleus a vesicular body within the cytoplasm, gmimallv 
situated near the centre of the cell 

3 Centnole and attiachon sphere these aie contained withm 
the cytoplasm, near the nucleus 


Cytoplasm 

The cytoplasm consists of a soft jelly-like maternal called proto- 
plasm With high powers of the microscope it can be demons! luted 
that m many cells the protoplasm is differentiated mto two pints 
(1) a fine network of film 11m m winch (2) 
the more fluid and apparently struct meless 
poition of the protoplasm is contained This 
stiucture is shown diagrammatical 1\ m the 
accompanying figure (fig J) Some ohseners 
regaid all such appeal ancon as a i i facts that us, 
as produced artificially by methods oi h\nig 
and stammg Schafei, however, has been 
successful m obtaining instantaneous photo- 
graphs of white blood-cmpuscles m the hung 
condition entirely untreated by any teagtml^, 
and these distinctly show the pmsenee of a 
fine fibrillar net woik m the gi eater extent oi 
then protoplasm This netwoik lie calls the 
Fl N e Vc?Stog 0 o f tflbSed fongwplasm, and the mme fluid poitiou 

protoplasm, containing a hyaloplasm 

nuceus The chemical stiucture of piotoplasm <an 

be mvestigated only after the protoplasm has boon hilled Tin* 
substances it yields are (1) Water— at least three-quaiteis of the 
weight, often more, consist of water, (2) Inorganic salts, especially 
phosphates and chlorides of sodium, potassium, and eahiunt, (,i) 
Proteins oi albnmm-like substances which aie chaiaoteimtie of living 
things, (4) Lipides or fat-like substances, (0) Carbohydrates, 
starchy or sugar-hke substances The natuie of all these sulistam es 
is described m detail m a later chapter 
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The Nucleus 

The nucleus is geneially round or oval, but it may have an 
irregular shape Some cells have moie than one nucleus 

The nucleus exeicises a controlling influence over the nutntion 
and subdivision of the cell, any portion of a cell cut off from the 
nucleus undergoes degeneratrve changes 

A nucleus consists of four parts which are represented in the 
next diagram 

When the cell is stained with hsematoxylm the nucleus stains 
moie deeply than the cytoplasm, especially the nucleolus and the 



nuclear network The substance which takes up the stam is the 
nuclein of the nucleus (called chiomatin by the bistplogists because 
of its staining properties) 


The Attraction Sphere 

All animal cells contain also an 
“ attraction sphere ” which consists of 
a minute centnole with associated fibrils 
and granules (fig 3) It is most prom- 
inent m cells which are dividing 01 
about to divide The centnole, and then 
the attraction sphere, divides into two 
In all probability the centnole gives the 
pnmary impulse to cell-division Some 
cells, foi instance the giant cells of red 
manow, contain numerous centnoles 



Fig 3 —A cell (semi diagrammatic) 
showing its attraction sphere 
In this, as m most cases, the 
attraction sphere lies near the 
nucleus (Schafer ) 
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CHAPTER II 


THE CHARACTERISTICS OF LIVING THINGS 

All living oigamsms, whethei unicellular or multicellular, have the 
power of tianfeformmg eneigy and show signs of activity Of these 
signs the most important aie the following — 

1 Power of assimilation to convert into protoplasm the nutrient 
material or food which is ingested 

2 Power to excrete to give out waste materials, the pioducts of 
othei activities 

3 Power of growth this is a natural consequence of the powei 
of assimilation 

4 Power of repioduction this is a variety of growth 

5 Irritability this is the propeity of lespondmg by some change 
to the influence of an external agent or stimulus The most obvious 
of these changes is movement (amoeboid movement, ciliary movement, 
muscular movement, etc ) 

It should, however, be recognised that one or more of these five 
characteristics may be absent or latent, and yet the organism may be 
living Power of movement is absent m many vegetable structures 
Certain seeds and spores can be dried and kept for many years m an 
apparently dead condition, yet they will spiout and grow when 
placed m appropriate surroundings 

* Living material is m a continual state of unstable chemical 
equilibrium, building itself up on the one hand, breaking down on 
the other , the term used for the sum total of these intra-molecular 
reanangements is metabolism 

The Relation of the Cell to its Environment 

The simplest annual organism, the amoeba, consists of a single 
cell which is m immediate contact with the environment from 
which it leceives its nutnent material and oxygen and to which it 
returns its waste materials Even m the most complex animal 
each cell is still m contact — moie or less remote — with its environ- 
ment Only certain cells come into immediate contact with the 
envn onmen t, but the othei cells of the body all benefit indirectly 
through this contact For example, some of the cells of the 
icspiratoiy tract aie adapted for the passage of oxygen, while 
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certain cells of the digestive tract permit the intake of null lent 
materials The oxygen and nourishment from the environment 
aie transposed by way of the specialised cells to eveiy othoi cell 
m the body This transport is accomplished by the cii dilation of 
the blood 

Amoebic Movement 

The movement of the amoeba is one of the simplest foims of 
animal activity which can be observed and is of unique interest If 
an amoeba is watched under the microscope for a minute oi two, an 
nregular projection or pseicdojpodxum is seen to be thrust out fiom 



Pig 4 —Human colourless blood corpuscle, showing its successive changes of outline within ten 
minutes when kept moist on a warm stage (Schofield ) 


the mam body and retracted , a second mass is then protruded m 
another direction, and gradually the whole protoplasmic substance 
is, as it were, withdrawn. The amoeba thus comes to occupy a 
new position, and when this pioceedmg is 
repeated several times we have locomotion m 
a definite direction, together with a continual 
change of form 

Amoeboid movements of the colourless eoi- 
puscles of the blood may be leadily seen when 
a drop of blood from the fingei is mixed with 
salt solution, and examined on a warm stage 
with the microscope 

If we adopt Schafer’s views on tho structure 
of protoplasm, then the essential act m tho 
protrusion of a pseudopodium is the flowing of 
the hyaloplasm out of the spongioplasm , tho 
retraction of the pseudopodium is a return of the hyaloplasm to 
the spongioplasm 

Ciliary Movement 

The ciliated cell is usually columnar m shape and sunuounted 
by a bunch of fine tapering filaments which were ongmally called 
cilia because of their resemblance to eyelashes 

In the larger ciliated cells, the border on which the cilia are 
set is bright and composed of little knobs, to each of which a cilium 
is attached, m some cases the knobs are prolonged into the cell 
protoplasm as filaments or rootlets (fig 6) The bunch of cilia is 
homologous with the striated bolder of columnar cells 



Fig 5 —An amoeboid cor 
puscle of the newt killed 
by instantaneous appli 
cation of steam, show 
mg the appearance of 
the pseudopodia (After 
Schafer, “ Quain’s Ana 
tomy ’ ) 
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The function of the cilia is to cause a movement of substances 
or objects along the sui faces they line For example, cilia line 
the air passages (but not the alveoli) and they cause a current of 
mucus and entangled dust to move towards the thioat (fig 7) In 
the Fallopian tubes and upper part of the uterus they assist the 
movements of ova, and m the ducts of the testes those of the 


spermatozoa The tail of a spermatozoon may itself be regarded as 
a cilium, and some protozoa also move by 



Fia 0 —Ciliated cell from 
the int< stme of a mol 
lust (Lngelinann ) 


means of cilia Cilia are found also in the 
ventricles of the bram and m the central 
canal of the spinal cord , m the gills of marine 
animals, and m the gullet of the fiog 

Ciliary motion may conveniently be 
studied m the latter, or m the gill of a 
mussel kept moist by a 0 6 per cent saline 
It may be observed under the microscope 
and, m the case of the frog, the movements 
of minute pieces of carbon may be studied 
The cilia aie seen to be m constant rapid 
motion, each cilium being fixed at one end, and 
swinging oi lashing to and fro The general 
repression given to the eye of the observer is 
veiy similar to that produced by waves m a 



Fig 7 —Ciliated epithelium from the human 
trachea a, Large fully formed cell, b, 
shorter cell , c, developing cells with more 
than one nucleus (Cadiat ) 


field of corn, and the lesult of then movement is to produce a 
continuous cui rent m a definite dnection, and this direction is always 
the same on the same surface, being usually m the case of a cavity 
towards the external orifice 

The exact explanation of ciliary movement is not known , what- 
ever may be the precise cause, the movement must depend on some 

A 2 
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changes going on m the cell to which the cilia aie attached, foi, 
when the latter are cut off from the cell, the movement ceases, 
and when severed so that portions of the cilia aie left attached to 
the cell, the attached and not the severed portions continue the 
movement 

Shaipey Schafer has suggested that the flow of hyaloplasm 
backwards and forwards will explain ciliary as it will amoeboid 
movement In an amoeboid cell, the spongioplasm is megulat m 
anangement, hence an outflow of hyaloplasm can occur m any 
dnection But m the regular curved projection or cilium, the 
hyaloplasm can only flow directly into the cilium and back again 
The flow of hyaloplasm into the cilium laises the picssme them 
and causes it to straighten, a movement m the icveise dnection 
causes the cilium to curve 


The Effect of some External Agents on Amoeboid and 
, Ciliary Movements 

Although the movements of amoeboid and ciliated cells may be 
loosely described as spontaneous, yet they aie pioduced and men eased 
under the action of external agencies which excite them, and which 
are therefore called stimuli 

Ciliary and amoeboid movements are mci eased by small uses m 
temperature and by dilute alkalies Additional movement mei eases 
the demand for oxygen (Gray) Stiong acids, strong alkalies, and 
temperatures above 45° C bring about a cessation of movement 
Cold and the lack of oxygen each cause a temporary cessation from 
which there is recovery if the temperatuie is taised or oxygen 
admitted Ciliary movement is stopped by dilute acids and by 
carbon dioxide, but if these agents are neutralised movement once 
more takes place Anesthetics, by preventing the peimeatmn ol 
oxygen, stop ciliary activity Again, contact with foieign bodies, 
gentle pressure, certain salts, and electucity, pioduce 01 mciease the 
movement m the cell protoplasm 

These effects are of special impoitance and may be taken as 
indicative of the action of these agents on living oigamsms genetalb 
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CHAPTER III 


MUSCLE 

The most important movements of the higher animals are biought 
about by museuLu tissue It possesses the power of contiaction, 
and is, m the higher animals, the tissue by which their movements 
aie executed 

The majority ol the muscles of the body are attached to bones 
which act as levels Thus when we want to bend the elbow, 
impulses fiom the In am descend by way of the spinal cord and 
net ves to muscles winch aie attached to the hones of the lowex arm 
at one end and to the hones oi the uppei aim 01 shoulder girdle at 
the othoi Since the* bones ot the lowei and uppei aims are lunged 
at the elbow, contiaction ot the muscles causes a bending of the 
elbow The* study ot the movements of muscles and their effect on 
the bones is now dealt with by the anatomists, and need not be 
entoiod into heio In some instances musculai tissue pervades or 
sut rounds cavities, and its contiaction causes movement of the 
ion tents as m the case of the digestive tiact 

The Skeleton 

This is the* tramewoik oi hone on and m which the body is built 
Its detailed study concerns anatomy, while its physiological aspects 
a 10 postponed until the student is familiar with the general processes 
on which its formation depends 

Muscular Tissue 

Muscle is popularly known as flesh The muscles may be divided 
from a physiological standpoint into two classes — the voluntary 
muse les, winch are undei the control of the will, and the involuntary 
muscles, which aie not All musculai tissue, whether under the 
will oi not, is t on ti oiled by means ot the nervous system The 
mvoluutaiv muscles aie coil ti oiled by a specialised part of the 
net sous ssstem 

When' muscular tissue is examined under the microscope, it is 
seen to he made up of small, elongated, thiead-like cells, which are 
called muscle fibres and which are bound into bundles by connective 
n 
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tissue In involuntary muscles there is a certain amount of cement 
substance, stamable by nitrate of silver, between the ill n es 

There are thiee varieties of muscle fibres (1) studied mastic 
fibres, which occui in the voluntary muscles, (2) plain must lo film* 
which bimg about movement m the internal organs , and ( >) oaidtao 
or heart muscle fibres, which aie stnated like (1), but are otheiwiso 
different Both plain and cardiac muscles aie lmoluntaiy 


Voluntary or Striped Muscle 

Voluntary muscles are sometimes called skeletal , and they con- 
stitute the whole of the muscular apparatus attached to the bones * 
The fibres vary considerably m thickness and length, but they 
average inch m diameter, and are about 1 inch m length Kadi 
fibre is cylindrical m shape and has rounded 
ends, many become prolonged into tendon 
bundles by which muscle is attached to bone 
Each fibre consists of a sheath, called the 
sa'i colemma which encloses a sott mateiul 
called the conti actile substance 

The contractile substance within the 
sheath is made up of alternate stripes of 
dark and light substance which grve volnntaiy 
muscle its charactenstic appearance ITa) cnaf t 
fig s -M uscle fibre of a succeeded in making casts of muscle-blues m 
mfi^^The^rfac^of collodion films and showed that the light and 
focussed! ^chafer ) fcely dark s ^ ri P es a PP^ai on the casts IIo tliorefoic 
concluded that the striped appeaianoo was 
due to optical phenomena The stupes also stam diffeiently, so 
piesumably differ m chemical composition 

Muscle fibres contain oval nuclei In mammalian muscle these 
are situated just beneath the sarcolemma , but m frog’s muscle they 
occur also m the thickness of the muscle fibre 

A muscle fibre is made up of fibnls or sai costyles, which axe held 
together by a network known as the sarcoplasm (represented as white 
lmes m fig 10) By the use of certain leagents, such as osimo acid 
or alcohol, the fibrils may be completely separated fiom one anothei 
The rapidity of muscular eontiaction seems to be proportional^ 
to the clearness of the cross-stria tion, and insects’ muscles which aie* 
remarkable foi perfection of mechanism have consequently been the 
subject of many researches In the wing muscles the saicostyles 
are separated by a considerable quantity of interstitial sarcoplasm, 

* The muscle-fibres of the pharynx, of part of the oesophagus, and of the 
middle and the external ear, though not under the control of the will, have the 
same structure as voluntary muscle-fibres 
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\vlu(*It may bo oi nutritive importance, and according to some 
obsiuwus possesses a certain amount of contractility, at any rate 
it allows the intimate .structure of the individual sarcostyles to be 
wot ked out tlioioughly, and Shaipey Schafei has arrived at the 
iollowing ( onclusions — 

liacli H.iu'ofitylo ih bul .divided, by a tiansveise line (Krause’s 
memln.me ) in the middle of each light stripe, into successive 



of tlu truHurs< in t works is 
ij/ht oil, aim mimt of Uio longi 
tuthnal lur-t ar» shown broken 
oil (UUrMtlluul) 



Fia 10 —Transverse section through 
muscle fibres of human tongue 
The nuclei are deeply stained, 
situated at the inside of the sar 
polemma Each muscle hbre 
shows “ Cohnheim s areas 
X 450 (Klein and Noble Smith ) 


pm lions which are termed sau'omeies In each sarcomere rs one 
dark stupe or s mtous dement The sarcous element rs really m 
two sections which, m the stretched sarcostyle (fig 11, b), separate 
at the hoc of Henson between each end of the sarcous element 
and Klauses memhianc lies a clear interval which is more evident 
m the- extended sarcomere (fig 11, b), and which diminishes on con- 
ti actum { tig 1 1 , A) The sarcous element is pervaded with longitudinal 
canals m pores whu h are open towards Krause’s membrane and closed 
at Hensons line As the sarcostyle contracts, a large proportion of 
the clear part of the sarcomere passes into these pores and disappears 
into the sarcous (dement which swells up and becomes wider, with a 
consequent shoi lemng of the sarcomere (fig 12, B) As the sarcostyle 
is extended the (dear substance passes out from the pores of the 
sarcous element and lies between it and Krause’s membrane There 
is a compensating lengthening and narrowing of the sarcomere 
(hg 12, A) It should be noted that the sarcous element does not 

* \ls<> called Dobie s hue The membrane is probably an optical phenomenon 
tor Kuhne dts< overetl that a threadworm could crawl through it without difficulty 
and without destroying it 
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lie free in the middle of the sarcomere, hut is attached at the sides 
to a fine enclosing envelope, and at either end to Krauses membiane 
by fine lines running through the clear substance (fig 1 2, A) 

These conclusions are interesting, because they bung into harmony 
amoeboid, ciliary, and muscular movement In all three instances we 
have protoplasm composed of two materials, spongioplasm and hyalo- 
plasm In amoeboid movement the irregular arrangement of the 
spongioplasm allows the hyaloplasm to flow m and out of it m any 
dir ection In ciliary movement the flow is limited by the arrange- 
ment of the spongioplasm to one direction , hence the limitation of the 
movement in one direction (see pp 13-14) In muscle, the definite 



Pig 11 —Sarcostyles from the wing muscles 
of a wasp 

a a', Sarcostyles showing degrees of con 
traction 

b, A sarcostyle extended with the sarcous 
elements separated into two parts 
o, Sarcostyles moderately extended (semidia 
grammatic) (E 8 Schafer ) 
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Fig 12 —Diagram of a sarcomere 
in a moderately extended con 
dition, A, and in a contracted 
condition, B 

k, x, Krause's membranes, h, 
plane of Henson , s k , 
poriferous sarcous ele 
ment (E S Bchaftir) 



arrangement of the spongioplasm (represented by the sarcous element) 
in a longitudinal direction limits the movement of the hyaloplasm 
(represented by the clear substance of the light stripe), so that it 
must flow either m or out in a particular direction. The contraction 
of a whole muscle is the sum total of the contraction of all the 
constituent sarcomeres 

It has been stated that in an ordinary muscle fibre during 
contraction, it not only becomes thicker and shorter, but the light 
stripes become dark and the dark stripes light This has been 
proved to be an optical effect (fig 14) 


Red and Pale Voluntary Muscles 

In many ammals, such as the rabbit, and m some fishes, most of 
the voluntary muscles are pale, but a few ( e g , the diaphragm, crureus, 
soleus, semi-membranosus, in the rabbit) are red These muscles 
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eontiact lrnne slowly than the pale muscles, and their red tint is due 
to hemoglobin contained within their contractile substance 

In addition, theie aie histological differences between them and 
otdinary stuped muscle fibres — 

1 The muscle fibres are tlnnner 

2 They have more sai coplasm 





Fig 18— Wave of tontrartlou passing over a 
mum U* fibre of water beetle u, n, Portions of 
tlm fibre at rest., o, contracted part , i, i, inter- 
modi ato condition (Schafer ) 



Fig 14 —Tins figure (after Bngelmann) illus 
trates the appearance of a muscle fibre 
as examined in ordinary light (left-hand 
side) and m polarised light (right hand 
side) In the upper part of the diagram 
the fibre is not contracted, m the lower 
part it is contracted The dark bands are 
seen to be bright by polarised light, owing 
to their being largely made up of doubly 
refracting sarcous elements , during 
contraction, fluid passes from the singly 
refracting or isotropous light band into 
the doubly refracting dark band, which, 
in consequence, becomes widened out 


d Longitudinal stnation is therefore more marked 

4 Transvorso sti lation is more irregular 

5 Nuclei are situated not only under the sarcolemma, but also m 

the thickness of the fibre 

6. The transverse loops of the network of the blood capillaries 
are dilated into little reservoirs, far beyond the size of 
ordinary capillaries 
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Cardiac Muscle 

The muscle fibres of the heart, unlike those of other in- 
voluntary muscles, are striated, but although m this respect they 
resemble the skeletal muscles, they have seveial cluiactenstics 
of their own The fibres, winch lie side by side, aie united at 
frequent intervals by short branches (fig 15) The fibres ate smaller 
than those of the ordinary striated muscles, and their transveise 

stnation is less clear No saicolemma can 
a& be discerned Each fibre has only one 

nucleus which is situated m the middle of 
its substance At the junctions of the 
fibres there is a certain amount of cement- 
ing material, stainable by silver nitrate 
This is bridged across by fine fibrils from 
cell to cell Some physiologists hold, how- 
ever, that cardiac muscle is a continuous 
mass of protoplasm (syncytium) with nuclei 
at intervals, the muscle fibrils being in 
continuity throughout 

Immediately beneath the lining mem- 
brane of the ventricles, and m the mam 
connecting strand which links the auricles 
or atria to the ventricles (the auriculo-von- 
tncular bundle), are found peculiar fihies 
known after their discoverer as Purkime's 
fibres } these cells, which aie striated only on their margins, are 
large, clear, and quadrangular with granular protoplasm containing 
several nuclei Here continuity of fibrils is more marked than m 
the rest of the cardiac musculature 



Fig 15 — Muscle fibre cells from 
the heart (E S Schafer ) 


Involuntary or Plain Muscle. 

Plain muscle forms the proper muscular coats of the digestive 
canal from the middle of the oesophagus to the internal sphincter 

Z’J h ! TT + and bladder, of the trachea and 
bronchi, of the ducts of glands, of the gall-bladder, of the 
vesiculse seminales, of the uterus and oviducts, of blood-vessels 

! °! the i 1 ™ the Clliai 7 musc le of the eye This 

kind of tissue enters largely mto the composition of the tunica 

seTre 0 tm/nart C of S th« ^ f “ i W j iere 18 found surrounding the 

to thl hai? SlhL? ! W6 i g ands and m sma11 bundles attached 

to the hair follicles, it also occurs in the areola of the nipple It 

" £r d Z “'I' T 0lS> m , “? “P 8 " 1 ' trateulK the 

spleen, and m the stroma of the ovary, prostate, etc It is 
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composed of long, fusifoim cells of fibres (fig 16), which are not as 
a nilo moio than n } )1T inch long Each cell has an oval nucleus 




Flu 10 - Muscle fibre cells from the muscular coat of intestine— highly magnified Note the 
longitudinal striation, and in the broken fibre the sheath is visible 

The coll substance is longitudinally but not transversely striated, 
and is conned by a delicate sheath The fibres are united by 
cementing material, which is stained by silver nitrate, and is bridged 
across by fine filaments passing from cell to cell 
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EXCITABILITY AND STIMULATION 

Excitability or Irritability is the power which certain tissues 
possess of responding by some change (transformation of energy) to 
the action of an external agent which, whatever its nature, we call 
tins stimulus 

The natnio of the response depends on the nature of the tissue 
Some tissues move, some seeiete, some discharge electricity, eg the 
electric organs of some fishes 

Excitable tissues may lie stimulated by mechanical or chemical 
agencies They may also bo stimulated by suitable electrical stimuli, 
and m the stud} of excitability the latter stimuli are generally 
used as they do not damage the tissue and are easily controlled 
The tissues in the body ate stimulated by nervous impulses We 
ean see the t espouse to such stimulation m the nerve to a muscle 
of a irog It may be stimulated by a tap or pinch, by a chemical 
agent (and 01 salt), by a direct or an induced current, and 
normally h> the neivous impulses which reach it from the nerve 
unities When we make a voluntary movement, we cause a nervous 
impulse to pass down an excitable nerve to an excitable muscle 
Some tissues ate specially excitable to certain kinds of stimuli 
raihei than to others For example, smooth (plain) muscle is most 
easily stimulated In stretching. Glycerol stimulates nerve but not 
muscle < hi cell) , while ammonia stimulates muscle but not nerve 

Wu may icgaid stimuli as liberators of energy, muscle and 
none and other irritable structures undergo disturbances m con- 
sequence of a stimulus The disturbance is some form of move- 
ment -visible movement in muscle, moleeulai movement in nerve 
A stimulus may be regarded as added motion* Gowers compared it 
to the blow that muses dynamite to explode, 01 the match applied 
to a hum ol gunpowder A vory slight blow will explode a large 
quantiH o| d\ minute, a veiy small spaik will fire a long train of 
gunpowdei So m muscle or nerve the effect is often out of all 
propoihon to the strength of the stimulus, a light touch on the 
HUi he e lit the hod) may elicit veiy forcible nervous and muscular 
dtstm bailees , and, moieover, the effect of the stimulus is propagated 
along the ner\u or muscle without loss 
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Electrical Stimulation 

Stimulation of an excitable tissue may, as wo have seen above, 
be brought about chemically 01 mechanically, but most conveniently 
by an electric current from a cell or a battery suppljmg 1-2 volts 
This method has the great advantage that within limits it does 
not damage the tissue and may be repeated many times It is not 
necessary to descube m detail the electucal appaiatus. 



Pig 17 —Diagram of simple electrical circuit winch *h oompli terl when the 
tissue to “be stimulated is placed across ulu. f h < i r o<u h It 

Wires from the positive and negative poles of the coll form the 
electrodes, the former being known as the anode and the latter as 
the cathode 

If the nerve or muscle is laid across the electiodes, the olociucal 
circuit is completed and stimulation occurs The experiment can, 
however, be more conveniently carried out by first laying the nerve 
across the electrodes, and making and breaking the cncmt by means 
of a key (fig 17) 

In many experiments it is desirable to vary the strength of 
stimulation, and this can be done most conveniently by using an 
induced current from a transformer or induction coil The two 
circuits are shown in fig 18 It is seen that each circuit is quite 



Ki 


Bra 18 —Circuit to give induced currents 0— cell PC— primary coil KC— Kccomlary 
coil E— electrodes Ki and Kg— keys in the primary and secondary circuits respect 
ively Note that K 2 short circuits the electrodes 

separate from the other, and it may readily be shown that a current 
only passes m the secondary circuit when an alteration is made 
in the strength of the primary A current is obtained in the 
secondary only at the “making” (closing of the key) and “ breaking ” 
(opening of the key) of the primary circuit The nearer the primary 
and secondary coils are to one another the stronger is the induced 
current in the secondary circuit The strength of the stimulating 
current can therefore be varied by varying the distance Ixdweon the 
two coils It must be understood that theio is no fundamental 
qualitative difference between a direct and an induced current. The 
essential differences aie the short duration and the change of dnoction 
of the induced current which occurs at each make and break 

It will be observed that a short-circuiting key is used m the 
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secondary circuit A simple key would not be so effective because 
of the phenomenon of umpolai induction 

The “ bieak” effects are stronger than the make effects, this is 
easily proved by placing the electrodes on the tongue and is due to 
Faraday's extra current This current is produced m the primary 
coil by the inductive influence of contiguous turns of its wire on 
each other, its direction is against that of the battery current at 
make, ancf so the make shock is lessened At the break the extra 
current is of such short duration (because when the circuit is 
broken there can be no current at all) that for all practical purposes 
it may be considered as non-existent 



Fig 19 —Du Bois Beymond’s induction coi 1 


The Du Bois Beymond coil (fig 19) commonly employed in 
physiological experiments, c is the primary coil, and d and d' its 
two ends, which are attached to the battery, a key bemg interposed 
for making and breaking , g is the secondary coil, the two terminals 
of which are at its far end When one wishes to produce a rapid 
succession of make and break shocks the automatic interrupter 
or Wagner’s hammer seen at the right-hand end of the diagram is 
included m the circuit 

The same difference of strength occurs alternately in the repeated 
shocks produced by Wagner’s hammer (/) This inequality is 
slightly reduced by Helmholtz’s wire («, fig 19) 

The interrupter is on the same principle as an electric bell If 
the wires from the battery are attached to A and E (fig 20), the 
current passes to the primary coil by the pillar on the left and 
the spring or handle of the hammer as far as the screw (C), after 
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going round the primary coil, one turn only of which is seen, it 
twists round a pillar of soft iron on the right-hand side, and then 
to the screw E and back to the battery, the result of a current 
going around a bai of soft iron is to make it a magnet, so it attracts 
the hammei, and draws the spring away from the top sctew 0, 
and thus breaks the current, the current ceases, the soft iron 


c 
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is no longer a magnet, so it releases the hammer, and contact ir 
restored by the spring, then the same thing starts over again, 
and so a succession of break and make shocks occur alternately and 
automatically 


Measurement of Excitability 

Tissues exhibit considerable differences m excitability to diffemit 
kinds of currents Smooth muscle, for example, will respond to 
stimulation by a direct current, but not to an induced current 
(see p 24) There is no fundamental qualitative difference between 
these two currents They are merely of different strengths and last 
for different times, the induced current being stronger but of very 
shoit duration Speaking generally it has been found that the 
shorter the period of stimulation the stronger must be the current 
which will produce an effect and vice vena It has also been shown 
that each tissue may be stimulated by a certain stiength ami 
duration of electrical stimulation which cannot be varied beyond 
certain limits It is for such reasons that a current of 10,000 volts 
5 ra £ ldl J alternating may not cause death, although a shock 

be fatal T ° ltS ^ ^ WUe ° r rai1 ° f an eleetuc ttam nia 7 

nf fS^w°7 ledS a w thl ? s r ubject we owe lar S el y to Keith Lucas 
of Cambridge, and later to Lapicque, of Pans, and lus co-workers 
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The latter have introduced the following terms for the measurement 
o1 excitability — 

Rheobase is the intensity m \olts of the weakest constant 
union t which, if continued indefinitely, will excite 
Chronaxie is the minimum time required for excitation by a 
cun mit of twice the intensity of the rheobase 

Rhoobase is determined with a battery, voltmeter, and variable 
losisfuncc, fm chronaxie some method of stimulating for very 
shut, pin lods is needed A heavy pendulum or spring which knocks 
ovoi a make key and a fraction of a second later breaks the circuit 
(Keith Lucuh) may he used, but the discharge of a condenser is also 
employed The 1 henbane Jor the cut sciatic of the frog is 0 2 to 0 3 
volt, and the clnonaxie is 0 3 to 0 4 thousandths of a second 

(Jhionaxie vanes widely m different nerves even m the same 
animal In goneial it is least m rapidly contracting muscles supplied 
by large nervo-fibios Differences are also noticeable m nerves 
treated by various i exigents those which swell the myelin sheath 
for instance increase tho rheobase and shorten the chronaxie In 
man, Botngmgnon found that the extensors have a chronaxie of 
0 1 o- (cr = 00 1 sec ) while that of the flexors is 0 4 cr or more The 
relation of these data to tho activity of the central nervous system 
has not 1 hh'Ii as yet fully studied Cutting a nerve roughly doubles 

the clnonaxie it possesses m tho intact state 

Diffeiimeo m excitability explains why degenerated muscle tails 
to respond to faiadic stimulation yet responds to a galvanic stimulus, 
also why difleient insults may be obtained when a mixed nerve is 
stimulated by different currents In the latter instance it may be 
assumed that the nerve-fibres which compose the nerve have different 
chronaxies It is also claimed that fatigued or curarised* muscles 
have an aiternl ehrouaxio and cannot be stimulated by impulses 
which pass down their nerves See Fatigue 

Refractory Phase.— After a tissue, such as a muscle or a nerve, 
lias iK't'ii exult'd by a stimulus it is refractory for a short space ot 
time- that is, it fails to respond to a stimulus In ordinary muscle 
and nerve this rofiactory phase is very short, but m cardiac musc 
it lasts tlnoughout the duration of the contraction The refractory 
phase is of importance since it gives time m which a tissue may 
recover its power of activity 

« The drug, curari, is a South American arrow poison 
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THE CONTRACTION OF MUSCLE 

Normally the voluntary muscles contract as a result of nervous 
impulses leaching them from the central nervous system by way of 
their nerves We can, however, set up a nervous impulse m a nerve 
artificially and so cause the muscle to contract For this purpose 
we generally use a nerve-muscle preparation, gastrocnemius or 
calf muscle and sciatic nerve of a frog, the muscles and nerves of 
which live for a long time after removal from the body Strips of 
muscle may, however, be substituted 

Muscle undergoes the following changes when it contracts — 

1 Changes m form 

2 Changes m extensibility and elasticity 

3 Changes in temperature 

4 Changes m electrical condition 

5 Chemical changes 


Changes m Form 

The Myograph — There aie many different forms of this 
apparatus, which was originally invented by Ludwig and Helmholtz 
to record muscular contraction 

In each type the bony origin of the gastrocnemius is held firmly, 
usually by a pm through the knee-joint, while the tendo Achillis 
is tied to a weighted lever the end of which bears a writing-point 
such as a piece of parchment papei (fig 21) This records the 
magnified contractions of the muscle on smoked paper which is 
wrapped round a cylinder When the cylinder is stationary the 
upstroke and downstroke of the writing-point fall on the same part 
of the surface, but if the cylinder is rotating a muscle curve or 
myogram is obtained If a permanent record be desired the paper 
may be removed from the cylinder, and the soot fixed by passing 
the paper through a solution of resin m spirit and allowing it to 
dry The screw on which the lever rests can be adjusted so that 
the lever rests on it till the muscle contracts , the muscle therefore 
does not take the weight until contraction has begun ( after-loading ) 
The spindle of the rotating cylmder bears two metal arms which can 
be brought together to foim one arm if desired The free end of 
81 
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each arm can be made to press over at one point m the drum’s 
revolution a key which lies m the primary circuit of the mduetorium , 
thus the muscle can be made to contract once or twice for each 
revolution The secondary coil should be pulled out until the 
muscle is stimulated by the break shock only The point of 





stimulation can be marked by moving the lever by hand when the 
arm is in such a position that contact m the pnmary circuit is made 
To keep the preparation fresh during an experiment, it must be 
moistened with normal saline (0 65 per cent dSTaOl m water for 
frogs muscle, this being the concentration of salts m the fluid which 
normally bathes it), or it may be kept in a moist chamber, ie, a 
chamber m which the air is kept saturated with moisture 

The events recorded m the myogram can be timed The simplest 
time-marker is a tuning-fork vibrating 100 times a second. Tins is 
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struck, and by means of a writing-pomt fixed on to one of the 
prongs of the fork, these vibrations may be wntten beneath the 
myogram More elaborate forms of electrical time-markeis are 
frequently employed 

The Simple Muscle Curve — One of these is shown m fig 22 
The muscle was stimulated by a single induction-shock, at the instant 
marked P on the base-line 

It will be observed that after the stimulus has been applied 
there is an interval befoie the contraction begins This interval is 
called the latent period, and when measured by the tuning-fork 
tracing is seen to be about sec During the latent period there 
is no vmble change m the muscle 



Fig 22 —Simple muscle curve 


The second part is the stage of contraction propel The lever 
is raised by the shortening of the muscle The contraction is at first 
very rapid, but then progresses more slowly to its maximum 

The next stage is the stage of relaxation After reaching its 
highest point, the lever descends m consequence of the elongation of 
the muscle The small waves which follow the mam curve are due 
for the most part to the recording apparatus, and are most marked 
when the contraction is lapid and vigorous 

With regard to the latent period, it should be pointed out that if 
the muscle is stimulated indirectly, % e through its nerve, some of the 
apparent lost time is occupied m the propagation of the nervous 
impulse along the nerve and across the end plate to the muscle To 
obtain the true latent period, this must be deducted Then there is 
latency m the apparatus It must be understood that with the 
ordinary class apparatus results are only approximate Errors arise 
from inertia and friction of the lever These errors may be excluded 

B 
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by photographing the contracting muscle on a sensitive photographic 
plate travelling at an accurately-timed rate 01 by the use of the 
isometric lever (see pp 41, 42) By such means it is found that the 
true latent period is much shorter than was formeily supposed tt 
is only -gfo of a second or less 

Actually a simple twitch contraction of a frog’s muscle takes 
only 0 06 sec and relaxation 0 13 sec A mammalian twitch is about 
3 times faster Such results show the importance of the apparatus 
m experimentation 

Factors modifying the Character of the Curve. 

1 Influence of strength of stimulus — A minimal stimulus is 
that which is just strong enough to produce a contraction If the 
strength of stimulus is increased the amount of contraction as 
measured by the height of the curve is increased, until a certain 
point is reached (maximal stimulus), beyond which increase in the 
stimulus produces no increase m the amount of contraction. This 
is because the stronger the stimulus, the more muscle fibres arc 
thrown into action and when all the fibres are stimulated the 
maximum is reached This is not to be confused with the 
phenomenon known as the beneficial effect of contraction (see p. 37) 
In this way a muscle grades its conti action for it has been 
observed microscopically by sprinkling finely divided mercury on the 
muscle that if an individual fibre contracts at all it contracts to a 
maximum This is known as the all or none phenomenon, which ih 
discussed later m relation to cardiac muscle which acts like a single 
fibre 

2 Influence of load — Increase of load, applied by weighting the 
lever, decreases the amount of contraction, until at last a weight is 
reached which the muscle is unable to lift 

3 Effect of temperatme — Cold at first increases the height of 
contraction, then diminishes it, otherwise the effect is very like that 
of fatigue, increasing the duration of all stages of the curve 

Moderate warmth increases the height and diminishes the 
duration of all stages of the curve, latent period included. This may 
be shown by dropping salt solution at different temperatures on 
to the muscle before taking its curve (fig 23) It must, however, 
be understood that the increased height during the application of 
heat is caused mainly by the mechanical effect of the increased 
speed of contraction Too great heat (above 42° C ) induces heat 
rigor, from the coagulation of the muscle proteins 

4 The effect of two successive stimuli — If a second stimulus is 
applied less than second after the first, there is no response 
because the muscle is refractory during this period, but if the 
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second follows at a sufficient interval of tune, each will cause a 
twitch and two simple muscle curves will be written (fig 24, A) , the 
second is a little bigger than the fust (beneficial effect of contraction) 
If the second stimulus arrives before the muscle has finished con- 
tracting under the influence of the first, a second curve will be added 
to the first (fig 24, B) This is called superposition, or summation 
of effects and occurs with both maximal and minimal stimuli 

If the two stimuli are m such close succession that the Becond 



Fig 23 — - Effect oi temperature on tlie simple muscle curve The various temperatures are marked 
on the curves P is the point of stimulation , and the time tracing again indicates hundredths oi 
a second (See Text ) 


occurs during the latent period of the first, the result will differ 
according as the stimuli are maximal or submaximal If they are 
maximal, the second stimulus is without effect , but if submaximal, 
the two stimuli are added together, and though producing a simple 
muscle curve, produce one which is bigger than either would have 
produced separately This is called summation of stimuli (fig 24, G) 
5 Effect of more than two stimuli — If a succession of stimuli 
is sent into a muscle, or its nerve, the results obtained depend on 
the rate at which the stimuli follow one another If the time- 
intervals between the stimuli are sufficiently great, each stimulus 
will produce a simple muscular contraction A succession of twitches 
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In B they are nearer together, and superposiinon is seS * t0 8 ®? arate 

summation ofstimnli Submaximal stimuli we^e ^pT+hiL?^ 7 * ® u % lent jy to give 
case shows hundredths of a second d thTOU S hotlt > the time tracing in &ob 
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is recorded and the "beneficial effect of previous action is exhibited m 
what is known as a staircase (fig 25, A and B) 

If the induction shocks follow each other more rapidly, the effect 
is a continuation of the superposition curve already described in 
connection with two successive stimuli Just as a second stimulus 
adds its curve to that written as the result of the first, so a third 
stimulus superposes its effect on the second , a fourth on the third, 
and so on Each successive increment is, however, smaller than 
the preceding, and at last the muscle remains at a maximum 
contraction, till it begins to relax from fatigue 

A succession of stimuli may be sent into the nerve of a nerve- 
muscle preparation by means of an interrupter This method of 
stimulation is called fan adisation Eig 25, C to E, shows the kmd 
of tracings obtained The number of contractions corresponds to the 
number of stimulations, the condition of prolonged contraction so 
produced, the muscle never relaxmg completely between the individual 
contractions of which it is made up, is called tetanus incomplete 
tetanus , when the individual contractions are discernible (fig 25, 
C, D, and E), complete tetanus , as m fig 25, E, when the contractions 
are so rapid that they are completely fused to form a continuous line 
without waves 

The late of stimulation necessary to cause complete tetanus varies 
considerably, for frog’s muscle it averages 15 to 20 per second, for 
the pale muscles of the rabbit, 20 per second, for the more slowly 
contracting red muscles of the same annual, 10 per second, and for 
the extremely slowly contractmg muscles of the tortoise 2 per second 
is enough The rate necessary to produce complete tetanus is 
diminished m a fatigued muscle as its penod of relaxation is 
prolonged 

Voluntary Contraction — There is evidence that voluntary con- 
traction, that is a human muscular contraction made by an effort of 
will, is essentially tetanic m nature This is best shown by countmg 
the number of electrical variations which accompany a voluntary 
contraction, on the assumption that each fundamental unit of the 
contraction has an electrical change as its concomitant This can 
be accomplished by the use of a veiy delicate galvanometer The 
number of electrical variations is then found to be a high one More 
recently Adfian and Bionk have recorded the current of action of a 
single muscle-fibre by using a special electrode, which can be plunged 
into the muscle, and magnifying up the cunent pioduced by a valve 
amplifiei Diffeient muscles appear to vary but the average number 
of electrical variations is about 50 per second 

This view of the tetanic nature of voluntary contraction is 
supported by the fact that some nerve-cells when stimulated 
reflexly do not discharge single impulses but groups of impulses 
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inductorium could be easily varied and^tbe^Ltft < tke P nrna *y circuit of the 
second in A to 80 per second in F In A senaratef t5?t5S2^L' *“ inc ,^ed from about 1 per 
insufficient to cause fusion, in both A and B P ths S re , s . een » J n B » the rate was still 

rate was sufficiently great to cause incomplete’ tetanri* 1 *?^^ 6 +15^ 8 we * seen In ® an£ * the 
in V it was complete” The taStaSS^^Sf^ COm P let6 ' “ d 



ch y] 


VOLUNTARY CONTRACTION 


39 


There is evidence that a voluntary contraction differs tiom an 
experimental tetanus m that m the voluntary contraction the fibres 
are stimulated m relays This is suggested by the fact that fatigue 
may be produced by a suhminnnal stimulation, although the use of 
a stronger stimulation shows that all the fibres are not fatigued 
Also the electrical responses of an experimental tetanus are much 
more regular than those of a voluntary contraction 

Since, as we have seen, individual muscle-fibres contract fully or 
not at all and since fatigue occurs with submimmal stimulation 
(although it is evident that all the fibres are not fatigued but may 



Fia 20 —Action cun ante from human triceps (EDA) recorded with concentric needle electrodes dunng 
voluntary contraction gradually increasing m powei -from A to C (Adnan and Bronk ) 


be made to contract by a stronger stimulus), then it is clear that 
a voluntary contraction diffeis fiom expenmental tetanus m that m 
voluntary contraction the fibres of the muscle are stimulated m 
relays intermittently This is suggested also by the irregular nature 
of electrical 1 espouses of a voluntary contraction compared with the 
regular natuie of the responses m experimental tetanus 

Sherrington has found that ceitam nerve-cells (those con- 
cerned with extensor reflexes) have an mheient rate of xhythmic 
discharge which is unalteiable, while others (those concerned with 
flexor leflexes) have a rate which, however, can be masked completely 
by imparting to the sensory nerve m a reflex preparation other rates 
up to quite high figures (100 vibrations per second or more) In fact, 
m the flexors the late of the muscular contractions under artificial 
shocks exactly corresponds to the rate of the stimuli whether they 



40 THE OONTEACTION OF MUSCLE [CH. V. 

are applied to the motor nerve or to the sensoiy neive m the reflex 
arc A twitch, however, is never elicited reflexly 

Lever Systems — The arrangement of the muscles, tendons, and 
bones presents examples of the three systems of levers which will bo 
known to anyone who has studied mechanics , the student of anatomy 
wil] have no difficulty m finding examples of all three systems m 
the body What is most striking is that the majority are levers of 
the third kind, m which there is a loss of the mechanical advan- 
tage of a lever, though a gam m the rapidity and extent of the 
movement 

Most muscular acts involve the action of several muscles, often 
of many muscles The acts of walking and running are examples of 
very complicated muscular actions m which it is necessary not only 
that many muscles should take part, but that they should do so m 
their proper order and in due relation to the action of auxiliary 
and antagonistic muscles 

Elasticity of Muscle 

The danger of tearing m a muscle or its tendon when the muscle 
contracts is lessened by the fact that the muscle is clastic and 
extensible — and it may be shown, by measuring the increase m 



length which occurs when the muscle is loaded with different weights, 
that it is more easily stretched lelatively when it is contracted than 
when it is relaxed Muscle is thus very different from a piece of 
mdiarubber which stretches exactly according to the weight placed 
on it Fig 27 shows the effect of equal increments of weight m 
mdiarubber and in muscle 
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The Work and Efficiency of Muscle 

Work done by a muscle may be expiessed m foot-pounds or 
gramme-centimetres accoidmg to the height a given weight is 
laised, allowance being made for the magnification by the lever 
This is the isotomc method used m most classes, but it gives only 
approximate lesults because of the work done m overcoming the 
inertia and friction of the lever system 

In more accurate investigations, therefore, the muscle is not 
allowed to shorten, and the work is measured m terms of the tension 
exerted at its extremities This is known as the isometi ic method 
The muscle is made to pull against a spring which it can only 
move to a very slight extent The slight movement is greatly 
magnified by a long lever 01 by a beam of light reflected from a 
nnrroi on the spring 

It is consideied bettei to regard the end-product of muscle 
contraction as potential eneigy set fiee (A V Hill) The results 
are, howevei, very similai to those obtained by the ordinary isotonic 
method m which the muscle is allowed to shoiten Many attempts 
have been made to calculate the energy set free on contraction by 
making use of the heat pioduced during conti action The whole 
problem is complicated by the fact that m diffeient cncumstances 
diffeient amounts of eneigy are at the disposal of the muscle and 
accurate lesults aie theiefore difficult to obtain 

The isometric investigations have, however, emphasised that of 
the total work done by a muscle, only a pait appears as external 
work, e g , the lifting of a load A large proportion is required to 
overcome the viscous resistance of the muscle itself We may 
compare the loss to the energy wasted m stirring a viscous fluid 
compared with a non-viscous fluid at the same speed Further, the 
more rapidly we stir, the more energy is wasted m this way It 
follows, theiefoie, that the more slowly a muscle contracts, the more 
energy may appear as external work, and there is an optimum 
rate of contraction 

It can be shown that human muscles have a similar optimum 
rate of contraction 01 speed of movement and that exercise, eg 
walking faster or slower than our optimum is wasteful and involves 
the use of extra oxygen and fuel This fact is of great importance 
m industry, and m long distance racing, although other factors, such 
as co-oi dination of muscles, also enter into the problem It is 
interesting to lemark that the practical optimum for marchmg 
(100 paces per minute) recognised by the Army corresponds to the 
theoretical optimum found by physiologists The fatigue we experi- 
ence from walking very slowly depends on a variety of causes 



42 THE CONTRACTION OF MUSCLE [CII V 

A rise of temperature, by increasing the rate of contraction, 
diminishes the amount of external woik done 

In measuring the total realisable work of a muscle accurately, a 
simple leyer system with a fixed load is not satisfactory, since it 
does not permit of proper utilisation of the elastic energy This 
difficulty is overcome by the use of the inertia lever By it, the 
muscle contracts against the inertial resistance of a heavy balanced 
lever The muscle has to overcome the inertia of the system at 
the beginning of the contraction, when its force is maximal, and 
subsequently has only to accelerate its movement At each stage 
of its contraction, the muscle is opposed by a force which it can 
just overcome The system may be weighted and the inertia varied, 
so that the maximum load and the maximum shortening are obtained 
Since the inertia and weight of the system are known, the woik done 
can be calculated from the height to which the lever is raised 

In the body some of the muscles act isotomcally and some 
lsometrically For instance, m the muscles which move the arms 
shortening is important, while m those which move the jaws tension 
is the more important The latter are charactensed by a large 
number of short fibres which converge like the barbs of a feather 
on its quill, while in muscles which shorten greatly the fibres am 
relatively longer, fewer, and almost parallel Some muscles are of 
mixed character 

The effect of load on the work done depends largely on the way 
in which the load is applied to the muscle The weight may bo 
allowed to stretch the lestmg muscle, m which case the muscle is 
said to b s free-weighted , or the lever may be supported so that the 
muscle is not stretched until the contraction begins In the latter 
instance the muscle is said to be after-loaded 

The following figures are taken from an actual experiment done 
with the frog's gastrocnemius by the isotonic method (Weber) — 


Weight lifted 

Height 

Work done 

5 grammes 
15 

25 

30 

27 6 millimetres 

25 1 

11 45 

7 3 

188 gramme-millimetres 
376 

286 

219 „ 


The work done is found by multiplying the weight by the height 
through which it is raised In carrying out the experiment 
allowance must be made for magnification, which depends on the 
length of the lever 

The work increases with the weight up to a certain maximum, 
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after which a diminution occurs, more or less rapidly, accordmg as 
the muscle is fatigued 

If the load is allowed to stretch the lestmg muscle it is found 
that the mechanical work performed is inci eased and it is to be 
observed that when we wish to obtam the maximum effect we 
commonly stretch our own muscles prior to use It will be seen 
latei that this ability of muscle to lespond within certain limits to 
increased load is of great importance m the case of the heart and the 
intestine 

By the isometiic method it is shown that theie is an optimum 
length at which a maximum tension is produced, and it has been 
found by Hartree and Hill that at the optimum length the largest 
amount of heat is produced An increased load up to a certain point 
also increases the work done by slowing down the rate of contraction, 
foi as we have seen slow contractions are more economical than 
fast as less heat is produced m overcoming viscosity 

The muscle, regarded as a machine, is sometimes compared to 
artificial machines like a steam-engine A steam-engine is supplied 
with fuel, the latent energy of which is transformed into work and 
heat The carbon of the coal unites with oxygen to form carbonic 
acid, and it is m this process of combustion or oxidation that heat 
and woik are liberated Although the analogy between muscle and 
a steam-engine is by no means an exact one, nevertheless it may 
stand for our present purpose 

Relaxation —So far we have been speaking as though the only active phase of 
muscular contraction were the period of shortening It is, however, extremely 
probable that lengthening is also an active process This was originally mooted 
by Fick, who pointed out that the fall of a muscle lever during the relaxation 
period is of variable speed, and is obviously not due to the passive elongation of the 
muscle by gravity , the way in which this part of the curve is varied by such 
agencies as temperature, and drugs like veratrme, also indicates that relaxation is 
an independent process 

The Electrical Phenomena of Muscle 

We have seen that the chemical processes occurring in muscular 
contraction lead to a transformation of potential energy into work 
and heat These changes aie accompanied by electrical disturbances 
also 

The history of animal electricity is really part of the history of 
the discovery of electricity It dates from 1786, when G-alvam 
made his first observations Galvani was Professor of Anatomy 
and Physiology at the University of Bologna, and his wife was 
one day preparing some frogs’ legs for dinner, when she noticed 
that the apparently dead legs became convulsed when sparks were 
emitted from a frictional electrical machine which stood near 
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Galvani then wished to try the effect of lightning and atmus phone 
electricity on annual tissues So he hung up some hogs’ logs to 
the iron trellis-work round the roof of Ins house by means of copper 
hooks, and saw that they contracted whenever the wind blew them 
against the iron He imagined this to be due to electricity secreted 
by the animal tissues, and this new principle was called Galvanism 
But all his contemporaries did not agree with this idea, and most 
prominent among his opponents was Volta, Professor of Physics at 
another Italian university, Pavia He showed that the muscular 
contractions were not due to animal electricity, but to artificial 
electricity produced by contact with different metals 



Fig 28 —Diagram of string galvanometer arranged to bIiow +1 « * r 
muscle a, a is the silvered quartz string, A and B are ~L 
placed in the hole bored through A , L is a source of light, and 
magnified image of the string falls , M is the muscle 


"”0 * o' ar H on of an injured 
'•o ia„ K a microscope is 
B the screen upon which the 


The controversy was a keen and lengthy one, and was terminated 
by the death of Galvani in 1798 Before he died, however, he gave 
to the world the experiment known as “contraction without metals,” 
which we shall study presently, and which conclusively proved the 
existence of animal electricity Volta, however, never believed in it 
In his hand electricity took a physical turn, and the year after 
Galvani s death he invented the Voltaic pile, the progenitor of our 
modern batteries Volta was right m maintaining that galvanism 
could be produced independently of animals, but wiong m denying 
that electrical currents could be obtained from animal tissues 
Galvani was right m maintaining the existence of animal electricity, 
but wrong m supposing that the contact of dissimilar metals with 
tissues proved his point 

This conclusion has been arrived at by certain new methods of 
investigation In 1820 Oersted discovered electro-magnetism . when 
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a galvanic cunent passes along a wiie near a magnetic needle, the 
needle is deflected one way or the othei, accordmg to the direction 
of the cunent This led to the invention of the astatic needle and 
the oidmaiy lninoi galvanometei which is used in every physical 
label atoiy for the detection of small electric currents 


The String Galvanometer — In the ordinary galvanometer, by 
which electnc cunents may be detected, the current passes through 
a fixed coil of wne, and deflects a small magnetic needle suspended in 
the centie This anangement can be inverted, the magnet being large 
and fixed, and the coil small and movable The string galvanometer 
of Emthoven is a development of this type The coil is reduced 
to a single thread of glass (a, a fig 28), coated with gold on the 
surface so as, to conduct the current In less delicate apparatus a 
copper 01 platinum string may be used It hangs between two large 
electro-magnets which give a very “ intense held” Whenever a 
current passes along the thread, it moves 


across the magnetic field, the side to which 
it moves varying according to the direction 
of tlie current The thread is illuminated 
by a strong light, and magnified by a 
microscope, which throws the image on to 
a screen If a lecord of the movements is 
desired, the shadow ol the stung is thrown 
upon a slit behind which is a veitically 
moving photographic plate 

The Cathode Eay Oscillograph will 
probably replace all other means of eleotncal 
lecoidmg, since having no moving parts 
its leeoids are instantaneous and it is 
much less easily broken than the extremely 
delicate stung of the string galvanometer 
A cathode lay tube consists essentially of a 
beam of electrons emitted m a vacuum fiom 
a filament The beam passes between plates 




and the application of a potential difference I 

to the plates causes the beam to be deflected, 11 Iu ^ 

the deflection being lecorded on a moving 

photographic him The currents must first cent sulphuric acid, the plan 

t u n t num wires are also shown 

be magnified by a valve amplifier 2 capillary and column of 

Many of the actual investigations have ULe'miSoscope 611 in ^ fi6ld ° f 
been earned out by means ol the capillary 


electrometer The capillary electrometer consists essentially of a 
line glass capillary containing lnercuiy dipping into acid which 
Hows down it as far as surface tension will allow If the mercury 


is connected by means of wires to two points of different potential 
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(fig 29), the meniscus moves to the negative pole and the movement 
may be photographed Records taken by this instrument have to 
be analysed as the inertia of the mercury causes it to move slowly 
Fig 31 shows an actual record, A, and its interpretation 

Non-Polarisable Electrodes — If a galvanometer is connected 
with a muscle by wires which touch the muscle, electrical currents 
are obtained m the circuit which are set up by the contact of motal 
with muscle The currents so obtained form no evidence of electro- 
motive force m the muscle itself Moreover, the passage of an 
electric current through the tissue causes electrolysis with the 
movement of ions, the positive ions (eg Na') passing to the kathode, 
the negative (eg Cl') to the anode There they give up their charges 
and chemical reactions occur, so that a minute gas battery is formed 



Fig 30 — 1 One of a pair of non polarisable electrodes In this form a ainn 4 ,.* 

“ PS in ap 16 ce of glass tubing one end of which wuSod by a It i S 
other with kaolin soaked m saline Out of the latter there na«« U 

nerve a few strands of fat free wool soaked in saline Any P Jii, ‘ ‘f ?l u, "'"L or 
becomes deposited in the electrode and any bo, in thA T " , ** 8,,t 

electrode slightly The productIon o“8MTtl7ereby avoWed 0l ° aroi “ acl9 0,1 tl »> 


interferes appreciably with the current under investigation, 
By the use of non-polansable electrodes this may be prevented 
In modern work the silver chloride electrodes are used These 
consist of sibvei wire previously coated eleetrolytieally with silver 
chloride When, therefore, sodium chloride is broken up the Na' and 
Cl ions merely form sodium chloride and silver chloride and no 

Fig 30 shows a convenient form of the latter variety 



CH Y ] THE ELECTRICAL PHENOMENA OE MUSCLE 47 

moves, this indicates that the two parts of the muscle aie not m 
the same state of electrical potential, and therefore a current flows 
when the two paits aie connected by a conducting wne, the 
most marked result is obtained when the longitudinal suiface is 
connected with one 01 other of the cut ends 
as m fig 28 This is the ciment of mjmy , an b 
injured portion of a muscle, such as the cut 
end, resembles the zinc m a zinc-copper cell, 
and is therefore galvanometncally negative m 
conti as t to the uninjured centre The longi- 
tudinal uninjured surface thus corresponds to 
the copper of a Darnell cell, and the electrode 
attached to it is the positive pole, it may 
therefore be spoken of as galvanometncally 
positive This is indicated m the diagram by 
the + and — signs, and the direction of the 
current is shown by arrows 

Du Bois Heymond furthei demonstrated 
that when the injured muscle showing its 
injury current was made to contract tetanic- 
ally, a current was set up m the opposite 
direction which caused the galvanometer 
needle to return towards its previous position 
This lessoning of the injury cunent he spoke c 
of as the negative variation, but it is now Pl0 81 _ TJu> photogiap:ilio 
more usually termed the current of action The electrometer curve of the 

essential cause of the current of action is that interpretation a is the 

active portions of a muscle become (like ^eilotromote 1 ?B e l?d c 
injured poitions) galvanometncally negative ^taiwuobSVve 
m conti ast with the portions of the muscle occurred to produce- a 

which aro at rest 

The electrical change dui mg a twitch is called a diphasic 
variation The contracting pait of a muscle becomes first more 
negative (galvanometncally) , it then lapidly returns to its previous 
condition The change inchoates a disturbance of the stability of the 
tissue , its disappearance is the result of a return of the muscular 
tissue to a state of rest If the muscle is stimulated at one end, a 
wave of contraction travels along it to the other end The electrical 
variation travels at the same rate as the visible contraction, but 
precedes it 

Suppose two points ( p and d ) of the muscle (fig 32) are 
connected by non-polarisable electrodes to a string galvanometer, 
and that the muscle-wave is started by a single stimulus applied 
at A , just before the visible wave reaches p this point becomes 
galvanometncally negative to d, and therefore a current flows from 
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d to p through the galvanometer G A moment later the two points 
are equi-potential and no current flows, a minute fraction of a 
second * later this balance is upset, for when the wave reaches the 
point d , that point undergoes the same change, and the galvanometer 
needle moves m the opposite dnection 


G 




If, however, instead of examining the electrical change in the 
muscle m the mannei depicted m fig 32, one electiode is placed on 
the unmjuied surface and the other on the cut end, the eloelneal 
response is a diffeient one 

Under these conditions, the electucal change is a mom^hasic 
vanahon, for when the muscle-wave leaches the cut end, this part 



Fig 34 —Record of injured sartonus during tetanus, taken by capillary 
electiometer (Burdon Sanderson ) ‘ 


of the muscle, owing to its injured state, does not respond to the 
excitatory condition, and the electrical response is also extinguished 
If the muscle is thrown into tetanus a series of monophasic 
variations is produced (fig 34) 

The employment of instruments of precision, like the capillary 
electrometer and stung galvanometer, has enabled investigators to 
ascertain the time of onset and duration of the electrical disturb- 
ance , this precedes the actual shortening of the muscle, occurring 

* The time vanes with* the distance between p and d . 
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chiefly dm mg the latent period, and it is completed long before the 
visible contraction is over This is well shown m the next diag ram 
(fig 35) in winch the muscle curve (M) is seen with its accompany- 
ing electrogram taken with the string galvanometer 

Muscle is not the only tissue which exhibits electrical pheno- 
mena A nerve which is uninjmed is iso-electric , injury causes a 
eui lent of injury , activity is accompanied by a similar diphasic 



Fiti 85 *— Frog’n ga*trorw»miua stimulated by an induction shock at P, applied to the sciatic nerve 
T Is the time tracing marking sec M is the tracing of the myograph lover, and the beginning 
of the simple muscle curve is seen after the usual latent period S is the diphasic electrical 
response described by the string of a string galvanomotor , this occurs during the latent period of 
the muscle (After Kamojloff ) 

wave travelling along the nerve simultaneously with the nervous 
impulse. The activity of secreting glands, vegetable tissues, retina, 
etc , is accompanied with somewhat similar electrical changes, which 
wo shall study m detail later 

But the most prominent exhibition of animal electricity is seen 
m the electric organs of electric fishes In some of these fishes the 
electric organ is modified muscle, m which a senes, as it were, of 
hypertrophied end-plates corresponds to the plates m a voltaic pile 
In other fishes the electric organ is composed of modified skin glands 
But m each case the electric discharge is the principal phenomenon 
that accompanies activity 

Qalmm's contraction without metals If the nerve of a nerve- 
muscle preparation A is held by a glass hook upon another muscle 
B (fig 36) or upon its own muscle, it will be stimulated by the 
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injury current of the muscle on which it is held, and this loads to 
a contraction of the muscle (A) which it supplies The oxpoinnont 
succeeds best if the nerve is dropped acioss a longitudinal surface 
and a freshly made transverse section 



Secondary contraction This is caused by the current of action 
If, while the nerve of A is resting on the muscle B (fig S7), the 
latter is made to contract by the stimulation of its nerve, the nerve 
of A is stimulated by the electrical variation which accompanies 



the contraction of the muscle B, and so a contraction of muscle A 
is produced This is called secondary contraction It may be either 
a secondary twitch or secondary tetanus, according to whether the 
muscle B is made to contract singly or tetamcally 

Secondary contraction from the heart If an excised but still 
beating frog’s heart is .used instead of muscle B, and the nerve 
of A laid across it, eaeff heart’s beat, accompanied as it is by an 
electrical variation, will stimulate the nerve and cause a twitch 
m the muscle A It is interesting to remark that a nerve-muscle 
preparation is thus a most delicate detector of electricity and is 
sometimes called th Q physiological rheoscope 


Chemical Changes in Muscle 

The junior student who is not familiar with organic chemistry 
may omit this section at this stage ' 

J*" l0 , n S been known that when a muscle is made to contract 
acid is produced For example, if frog’s muscle is totalised it 
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becomes acid to litmus This acid has been shown by the application 
of ceitam colour tests to be sarcolactic, and it was suspected by 
early workeis that its accumulation was m part at least responsible 
for fatigue m isolated muscle It was evident also that increased 
respiration oecuncd during muscular work, but it was not until 
1902 that Flotchei demonstrated that an increased amount of 
cat bon dioxide was pioduced if a muscle was stimulated m oxygen 
Following on this came the classic observations of Fletcher and 
Hopkins, who found that the accumulation of lactic acid m stimulated 
muscle was increased by the absence and decreased by the presence 
of oxygen, and finally it was shown that although a muscle would 
contract m the absence of oxygen, it would not recover These 
observations have been the starting-point of a large amount of work, 
for it is evident that the lactic acid is a breakdown product present 
m muscle Some also have suggested that m some way the acid 
may bo lesponsible for the active contraction, but the discovery of 
Lundsgaard, that if a muscle is poisoned with lodo-acetic acid which 
prevents the formation of lactic acid it will still contract, has shown 
that the rule of lactic acid is secondary 

The work of Eggleton indicates that it is the creatine-phosphate 
(which he calls phosphagen) rather than the lactic acid which plays 
the most important paife The phosphagen breaks down into creatine 
and phosphate when a muscle contracts m the absence of oxygen , 
but when oxygen is present the phosphagen is rapidly resynthesised 
during recovery, the eneigy for the resynthesis being derived from 
the combustion of lactic acid 

This acid is derived from glycogen According to Embden, 
glycogen is probably first lesolved into lactacidogen or hexose 
phosphate, a compound of glucose with dipotassium phosphate 
Hexose phosphate xn turn forms lactic acid If a prolonged con- 
traction is made to take place m absence of oxygen, as m an 
excised f log’s muscle kept m an atmosphere of nitrogen, lactic 
acid accumulates whilst glycogen diminishes proportionately , energy 
is set free, and appears partly m the form of heat If the muscle 
is subsequently allowed to rest, there is no disappearance of lactic 
acid and merely a small additional amount of heat is evolved 
If, however, during the period of rest oxygen be admitted, then 
a fraction of the lactic acid produced during contraction Q- of 
the total amount produced) is oxidised to carbon dioxide and 
water according to the equation C 3 H 6 0 3 +30 2 = 3C0 2 +3H 2 0 
This leads to the liberation of energy, part of which is used to 
rebuild the remaining lactic acid into its precursor, part appearing 
as heat This “ recovery ” heat, as it is called, is half as great 
again as the heat set free during contraction, compaied with it 
the heat m a bsence ^of oxygen is 
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insignificant It is impoitant to note that the function of oxidation 
is to store up energy for future activity During contraction in 
oxygen and therefore during contraction m the intact body, if 
not too violent, breakdown and reconstruction of the precursors 
of lactic acid proceed simultaneously, but oxidation is always 
secondary to the initial breaking-down If the contiaetnms of 
muscles are at all violent, as m exercise, tho production of lactic 
acid is always occurring more lapidly than its restoration, so that 
an “ oxygen-debt ” is contracted, which has to be wiped out 
during the resting period winch follows (Hill) Dining exonuse, 
moreover, the muscles lose some of their lactic acid to the 
blood, so that there is an increased output of lactates m tho 
urine Thus during rest in man, only 4 milligrammes of lactic 
acid is excreted m the urine per hour, this is raised by severe 
exercise a hundredfold The lactic acid is neutialisod by tho protoins 
and alkaline salts 

That carbohydrate is the chief source of muscular energy is 

shown by the fact that the respiratory quotient ^? 2 8 1V6n ont ( soe 

0 2 retained 

p 288) during the total period of exeicise and recovery is unity. 
If, however, the exercise is prolonged the respiratory quotient may 
be less than unity, showing that substances other than carbohydrates, 
notably fat, can be used Duung the period of actual exeicise the 
respiratory quotient is often gi eater than unity , this is especially 
true of severe exercise, and is to be explained by tho increased 
breathing which causes carbon dioxide to be swept out in unduly 
large amounts The increased breathing is due to lactic acid 
entering the blood and presumably laismg its H-ion concentration 
(Hill, Long, and Lupton) Conversely, during the recovery period 
the EQ may fall below unity because of the retention of carbon 
dioxide m the body (See Eeaetion of the Blood ) 

Fatigue of Muscle (See p 87 ) 


Thermal Changes in Muscle 

A muscle when uncontracted may not be at absolute rebt , 
chemical changes occur m it, and consequently heat is produced' 
There is a transformation of the potential energy of chemical 
affinity into other foims of energy, especially molecular motion 
and heat But when muscle contracts, the liberation of energy is 
increased, work is done, and more heat is produced, the heat 
produced represents more of the energy than the work done 
On a cold day one keeps oneself warm by exercise j ip fact the body 
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tempo* aluro may go up tempoianly 1° to 2° as a i esu.lt of musculai 
activity 

the detection of small rises m temperature, a thermopile, and 
not a thermometer, is employed 

A thermopile consists of a junction of two different metals such 
as antimony and bismuth, the metals are connected to a galvano- 
meter If one junction is heated and the other not an electrical 
current passes round the circuit and is detected by the galvano- 
meter If the number of ] unctions m the circuit is increased, 
and one set is heated, the electrical current is inci eased through 
the galvanometer The arrangement is shown m fig 38 

Noodle-shaped couples may be plunged into the muscles In 


Diagram 1, Diagram 2. 



Diagram 3, 



Fw HK — Diagrams to illustrate the principle of thermopiles 


modern work the muscles may be laid on, a number of junctions 
m serios and wound round a vulcanite support, and the apparatus 
enclosed m a chamber such as a thermos flask to prevent heat loss 
(Hill) 

In the thermopile of A V Hill, the combination used is copper 
or other metal and an alloy known as constantan (an alloy of 
copper 60 per cent and nickel 40 per cent) By employing 
a large number of such junctions in connection with a mirror 
galvanometer, it is possible to measure the heat produced even in 
such small muscles as a frog’s sartonus, the amount of deflection 
by known quantities of heat being subsequently determined The 
responses of this delicate instrument are recorded photographically 
and arc so immediate, that it is also possible to ascertain the time 
when the heat formation occurs 
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The important result has been obtained that not only is heat 
produced during the mechanical response (initial heat), but also after 
(recoveiy heat) The lattei is associated with the ptoeessas which 
accompany recovery and requnes the piesence of oxygon, but the 
initial heat like the contraction is produced independently of the 
presence of oxygen The amount of heat is approximately pro- 
portional to the duration of the stimulus and to the tension produced 
If a muscle is not allowed to shorten when it contracts all the 
energy expended appears as heat, but if it is allowed to contract 
at an optimum rate (see p 41) to prevent loss due to viscosity 
practically all the initial heat appears as work and it has been 
calculated that the mechanical efficiency of muscle is about 40 per 
cent 

An ordinary locomotive wastes about 96 per cent of its 
available energy as heat, only 4 per cent being represented as work 
In the best triple-expansion steam-engine the work done usob to 
12 5 per cent of the total energy 

Thus muscle is more economical than the best steam-engines , 
but the body has this great advantage over any engine, for the heat 
it produces is not wasted, but is used for keeping up the body 
temperature, the fall of which below a certain point would lead to 
death, not only of the muscles but of the body generally 

In most engines much heat is lost and is so much wasted energy 
In the body the heat is of value to maintain metabolic processes 


Rigor Mortis 

After death, the muscles gradually lose their irritability and pass 
into a contracted condition This affects all the muscles of the body, 
and usually fixes it in the natuial posture of equilibrium or rest 
The general stiffening thus produced constitutes rigor mortis or post- 
mortem ngidity 

The cause of rigor is the coagulation of the muscle-plasma, which 
is more fully described m the next section This coagulation results 
m the formation of myosin, and is gradual m onset Simultaneously : 
(a) the muscles become shortened and opaque , (b) heat is evolved ; 
(c) the muscles give off carbonic acid, and (d) become acid in reaction 
(this is due m part to the formation of sarcolactic acid, and in part 
to the formation of acid phosphates) , (e) glycogen disappears 

After a varying interval, the rigor passes off, and the muscles 
are once more relaxed This sometimes occurs too quickly to 
be caused by putrefaction, and there is very little doubt that it 
is really the first stage m the self-digestion or autolysis which 
occurs in all tissues after death, owing to the presence of intra- 
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cellular enzymes 01 feiments It is known that a pepsin-like or 
piotoolytie enzyme is present m muscle, as m many other animal 
tissues — kidney, spleen, etc (Hedm) — and that such enzymes act 
best m an acid medium The conditions for the solution of the 
coagulated myosin arc therefore present, as the reaction of ngored 
muscle is acid 

Order of Occunencc — All the muscles are not affected simul- 
taneously by ligm mortis It affects the neck and lower jaw first, 
next, the upper extremities, extending from above downwaids, 
and lastly, teaches the lowei limbs, m some rare instances it 
affects the lower extremities before, or simultaneously with, the 
upper extiomities Tt usually ceases m the order in which it 
begins fh st at the head, then m the upper extremities, and lastly 
m the lower oxtiennties It seldom commences earlier than ten 
minutes, or later than seven hours after death, and its duration 
is greater m proportion to the lateness of its accession 

The occurrence of rigor mortis is not prevented by the previous 
existence of paralysis m a pari, provided the paralysis has not been 
attended with very imperfect nutrition of the muscular tissue In 
a deeply naicotisod, eg chloralosed, animal the onset of rigor mortis 
is much delayed, and the tissues may remain excitable for long 
periods (Hemingway and McDowall) It has been observed by 
Hoefc and Marks that m animals dying after prolonged thyroid 
feeding or after hypoglycemic convulsions there is no increased 
acidity of the muscle, yet rigor occurs, it is suggested that the 
disappearance of glycogen rather than increased acidity is responsible 
for the production of rigor mortis, although m ordinary rigor both 
occur together Rigor occurs most readily m fatigued muscles, eg of 
hunted animals, m winch the glycogen content is low and the acidity 
high 


Chemical Composition of Muscle 


Tlw general composition of muscular tissue is — 


Water 

Solids 

Proteins 

Gelatin 

Fat 

Extractives 
Inorganic salts 


18 per cent ' 

^2 to 5 ,, 

J 0 5 
1 to 2 „ 


75 per cent 


-25 per cent 


The extractives comprise a large number of organic substances, all present 
in smal^awmtihes, < someof winch are nitrogenous, such as creatine creatinine, 
xanthine *and hypoxanthine the rest are non-nitrogenous— namely , fats, glycogen, 
Xw inositol and the variety of lactic acid known as sarcolactic acid The 
ino^anicsaTu are^hieflysalts o/potassium, especially potassium phosphate 
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By fractional heat coagulation and studies of solubilities in neutral salt solutions 
Halliburton separated several proteins from muscle plasma— 

Paramyosinogen a globulin which coagulates at 47°C* 

Myosinogen a globulm-like protein which coagulates at 56 U 
Myoglobuhn precipitated by heat at 63° C 

In addition there are albumin and myoalbumin, nucleoprotem from the nuclei, and 
haemoglobin from the blood which, with similar pigments, e q cytochrome, give 
muscle its red colour If a muscle be heated in saline while attached to a lever it 
is seen to go into complete heat rigor in stages corresponding to these coagulations 
This shows that proteins of plasma are m the actual muscle substance 

The spontaneous coagulation of muscle known as nqor mortis , which occurs at 
death, is the result of changes m the paramyosinogen and myosinogen This 
coagulation of muscle protein corresponds to and is affected by almost the same 
conditions as the coagulation of the blood, except that myosinogen passes through 
a soluble stage during which it is coagulated at 40° C 
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COMPARISON OF VOLUNTARY AND INVOLUNTARY MUSCLE 

The mam diffeience between voluntary and involuntary muscle is 
the difference ok pies sod m then names Voluntary muscle is under 
the control of that poition of the central nervous system whose 
activity is accompanied by volition Involuntary muscle, plain and 
cardiac, on the other hand, is, as a lule, also under the control 
of a portion of the eential nervous system whose activity is 
independent of volition Theie appear, howevei, to be exceptions 
to this rule, and involuntary muscle may execute its contractions 
independently of nervous control 

Another characteristic of involuntary muscle is a tendency to 
regular alternate periods of rest and activity, or rhythmicahty This 
is best exemplified in the heart, but it is also seen m the lymphatic 
vessels, especially the lymph hearts of the frog, and the mesenteric 
lymphatic vessels (lacteals) of many animals Rhythmical contrac- 
tion is seen m the veins of the bat's wing, and m the mnsculai tissue 
of the spleen, stomach, intestine, bladder, and other parts 

Under the influence of certain saline solutions,* voluntary muscles 
may be made artificially to exhibit rhythmic contractions 

Thts important ehaiactenstic of most plain muscle is peristalsis 
If any point of a tube of smooth muscle such as the small intestine is 
stimulated, a ring-like constriction, preceded by a wave of relaxation, 
is produced at this point After lasting some time at this spot it 
slowly passes along the tube at the rate of 20 to 30 millimetres per 
mmute This advancing peristaltic wave normally takes place m 
one dnection only, and so serves to drive on the contents of the 
tube The best stimulus to peristalsis is stietchmg of the muscle, 
and therefore bulky contents of the tube act as stimuli 

Involuntary muscle nearly always contains numerous plexuses 
of non-medullated nerve-fibres with ganglion cells, so that much 
discussion has taken place on the question whether the phenomena 
of rhythmical! ty is a piopeity of the muscular tissue itself or of 
the nerves mixed with it The evidence available (namely, that 

* If one end of the sartonus of a curansed frog is dipped into Biedermann's 
fluid, it contracts rhythmically m a manner analogous to the heart This fluid has 
the following composition —Sodium chloride 5 grams, alkaline sodium phosphate 
2 gr , sodium carbonate 0 5 gr , water 1 litre 
69 
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The phenomena of rujoi mot Us m involuntary muscle have not 
boon ho fully studied as m voluntaiy muscle It has, however, 
boon shown that the chemical composition of involuntary muscle 
(Uffeis m no notewoithy manner fiom that of voluntaiy muscle, 
and on death the muscle becomes acid, such products as carbonic 
acid and saicolactic acid aie funned In the heart, stomach, uterus, 
and rectum, jm t-vio/tem, rigidity has been noted, and it probably 
occurs m all vaneties of plain muscle 

The stiuetmo of taidiao muscle gives it very important 
physiological properties which are more propeily studied later m 
relation to the heait 
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CHAPTEK YII 

THE NERVOUS SYSTEM 

The Structure and Function of a Neryous System 

However simple, or however complicated, the nervous system 
throughout the animal kingdom exists for the purpose of co-ordinating 
and adapting the activities of the animal to its environment, and 
for the internal regulation of the mechanisms of its body 

A nervous system, theiefoie, consists essentially of afferent 
neives which collect impulses horn the outside world or from 
internal oigans and transmit them to the centies, of intermediate 
ox connecting fibres, and of efferent nerves which distribute impulses 
to the different parts of the body 

The degree of development of the nervous system in different 
animals vaues enormously according to their needs It is relatively 
simple m the lower animals which are not endowed with much 
power of complicated movement, while it is very elaborate m the 
higher animals m which there is adaptation to a vast vanety of 
cncumstanoes and activity 

In each instance, howevei, the basal anatomical unit is the same, 
namely, the neurone, that is the nerve-cell and its processes or 
nerve-fibres which form what we call nerves By some of its 
processes the nerve-col 1 receives and by others sends out messages 
The processes of one cell form a synapse (literally clasp) or come 
mto close contact with the processes of othei cells, so that messages 
or nervous impulses may pass from one neurone to another 

In order to permit an efficient interchange of impulses, certain 
nerve-cells and fibres Irave been collected together mto large masses 
which constitute the central nervous system This system has 
l>een compared, veiy aptly, with the central telephone exchange of 
a town through which one part may be connected with any other 
This comparison is, however, very rough as it does not take into 
account consciousness, which depends on the activity of the brain 
In man, the central nervous system consists of the brain and 
spinal cor d 

Suppose one wishes to move the arm the efferent impulse starts 
in the nerve-cells of the brain, but there are no fibres that go 
05 C 
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atraisht from the bram to the muscles of the arm. The impulse 
travels down the spinal cord, by what are called pyramidal fibres. 



Fig 89 —View of the cerebro-spinal axis of the nervous system The right half of the omnium and 
trunk of the body has been removed by a vertical section , the membranes of the brain and spinal 
cord have also been removed, and the roots and first part of the fifth and ninth cranial, and of all 
the spinal nerves of the right side, have been dissected out and laid separately on the wall of the 
skull and on the several vertebrae opposite to the place of their natural exit from the cranio*»plnal 
cavity * (After Bourgery ) 
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which form synapses with the nerve-cells of the spinal cord, from 
these cells fresh nerve-fibres carry the impulse to the* arm- 
muscles The path is shown m the accompany mg diagram (fig 40") 
The cell of the motor cortex of 
the bram is represented by CO, 
and its fibre (axon) by PF This 
passes into the white matter of the 
brain, and travels down the bram 
stem and spinal coid until it reaches 
the part of the cord which controls 
the arm movements, where it ter- 
minates by arborising round small 
cells (PCC) which form a second 
relay, thence the impulse is trans- 
ferred to the large motor-cells (ACC) 
whose nerve-fibxes pass out to the 
muscles There is as it were a 

system of relays by which the im- 
pulses aie distributed to different 
parts of the body 

One cell may, by means of its 
processes, be connected with several 
other cells For example, the cells 
m the spinal cord receive messages 
not only from the biam but also from 
other parts of the body (fig 40) If 
the finger is pricked an impulse is set 
up m an afferent nerve or process of 
a sensory coll and is transmitted to 
the spinal cord, whence it is relayed to pec 
the muscles wluch cause the arm to 
be withdrawn. This is known as a 
reflex act since it does not involve 
any conscious effort but occurs quite 
automatically 

The nervous structures involved 
m such an act wo call a reflex arc, 
and consist ot a receiving organ and 
afferent nerve with its cell, an inter- 
mediate ot connecting nerve and 
its cell, and an efferent cell and 

its fibre by which the impulse is sent out to the organ activated 

We shall see that many of the activities of the body are 
brought about m this way and that the reflex may be looked 
upon as the physiological unit of the nervous system We shall 
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Fig 40 — Diagram of the neurone of the 
motor path 
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return to this subject later m consicleixng the Contial Nervous 
System, but meantune these facts must be kept m minu, since 
many of the processes of the body, eg the circulation of the blood, 
are largely controlled by such reflex mechanisms 


Nerve-Cells 

Nerve-cells differ both m shape and m size 
In the early embryonic condition, the future nerve-cell is a small 
nucleated mass of protoplasm without processes As development 



Fig 41 —Diagram after Ramon y Cajal to show the ontogenetic (or embryologicftl) and phylogenetic 
(% e m the animal series) development of a neurone A, cerebral coll of frog , B, nwwfc , O, moune , 
D, man As the place in the zoological senes rises, the neurone increases in complexity and In the 
number of points of contact , this complexity is produced partly by an inoroaso of Urn dendrons, 
partly by an increase m the side branches or collaterals of the axon a, b, c. d, *, show the early 
stages in the development of a similar cell in the human embryo, the first branch of the cell to 
appear (in a) is the axon , the dendrons are later outgrowths The reversal of this process takes 
place in primary degeneration 


progresses branches grow, and by this means it is brought into con- 
tact with the branches of other nerve-cells (fig 41) 

The simplest nerve-cells known are bypolar In the lower 
anpnals the two processes come off from the opposite ends of the 
cells , the cell, m other words, appears as a nucleated enlargement 
on the course of a nerve-fibre (fig 42, A) The cells of the 
Gasserian and spinal ganglia m the mammalian embryo are also 
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bipolar, but as development progresses, the two branches become 
fused for a considerable distance, so that m the fully -formed animal 
each cell appeals to be unipolar 

The majority of nerve-cells are multipolar, and have many much- 
bianched piocesses 01 dend'ions which bring impulses to them, but 
only one process, the axon, becomes the axis cylinder of a nerve- 
fibre and carnes messages away (see figs 40 and 41) 

By Golgi's chi ornate of silver method the cells and their fibres 
slam an intense black, and the collaterals of the axon are well seen 
Fig 43 shows one of the typical multipolar cells of the 
spinal cord The cells have a finely fibrillar structure, and the 
fibrils can be traced into the axis-cylinder process and the other 



Fio 42 —Bipolar ncrvo cells A, 
from a spinal ganglion of a 
wonks' human ombryo (after 
His) B, adult condition of the 
mammalian spinal ganglion cell 
N B nucleated sheath, only 
the nuclei soen in prollle are 
represented. T, is the T shaped 
junction (After Rotzius ) 




Fig 48 — Multipolar nerve cell from anterior 
horn of spinal cord , a, axis cylinder process 
(Max Schultze ) 


branches of the cell If a neive-cell is stained with a basic 
aniline dye such as methylene blue there are seen NissVs granules, 
which are consideied by some to be intimately connected with the 
nourishment of the colls, since after fatigue they are absent and 
m the stained cell are represented by merely a diffuse blue haze 
(chromatolysis) Some writers consider Nissl's granules to be 
artifacts, it is more likely that even if they do not exist as 
definite granules m the living cell, they at least represent a 
precipitate produced by the action of fixatives on a pre-existmg 
functional material 
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Nerve-Fibres 



Fig 44 — Nerve 
fibre stained with 
osmic acid. A, 
Node , B, nucleus 
(Key and Ret 
nus ) 


The terra nerve-fibre is given to the longfpro- 
cesses of nerve-cells They are of two histological 
kinds, medullated and non-medullated , but no reason 
foi this differentiation has yet been discovered 
Many nerves contain both types, but the non- 
medullated fibres usually belong to the autonomic 
nervous system 

The medullated or white fibres are characterised 
by a sheath of white colour, consisting mainly of 
hpoids, which stains black with osmic acid and is 
held together by a network of neurokeratm which 
suggests an ectodermal orfgm This medullary sheath 
covers the essential part of the fibre which is a 
process from a nerve-cell, and is called the axis 
cylinder Outside the medullary sheath is a thin 
homogeneous membrane of elastic nature called the 
primitive sheath or neurolemma 

The axis cylinder is a soft transparent tin cad m 
the middle of the fibre , some 
observers believe it to be 



Fig 46 —Axis cylinder, 
highly magnified, 
showing its com 
ponent fibrils (M 
Schultze ) 


made up of exceedingly fine 
fibrils (fig 45), these stain 
readily with gold chloride 
The medullary sheath gives a 
characteristic double contour 
and tubular appearance to the 
fibre It is interrupted at 
regular intervals by the nodes 
of Banner, which show a 
cross - like arrangement if 
stained with silver nitrate. 
It is considered that the 
nodes may be of importance in 
regard to the nourishment of 
fibres , at this point also 
branching takes place The 
stretch of a nerve-fibre be- 
tween two nodes is called an 
mter-node, and m the middle 
of each inter-node is a nucleus 
which belongs to the primitive 
sheath. 
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The nerve which we see in an ordinary anatomical dissection is 
composed of a number of bundles or funiculi of nerve-fibres bound 
together by connective tissue The sheath of the whole nerve is 
called the epmeut mm , that of the f uniculi the pet meurium , that 



Fig 40 — Transverse section of the sciatic nerve of a cat, about x 100 It consists of bundles 
( funiculi ) of nerve fibres enshoathed in a c~ murium, A, each bundle has a 

special sheath (not sufficiently marked out fr 'c " j r u m m the figure) or perineurium B , 
the nerve fibres N / are separated from one another by endoneunum, L, lymph spaces , Ar, artery, 
V, vein , F, fat bomewhat diagrammatic (V D Hams ) 


which passes between the fibres m a funiculus, the endoneunum 
(fig 46) Single neive-fibres passing to their destination are sur- 
rounded by a continuation of the perineurium known as the Sheath 
of Henle The nerve trunks themselves receive nerve-fibres which 
ramify and terminate as end-bulbs in the 
epmeurium 

The size of the nerve-fibres varies, 
the largest fibres are found in the spinal 
nerves, where they are 14'4 to 19 m 
diameter * Others mixed with these 
measure 1 8 to 3 6 p These small nerve- 
fibres are the visceral nerves, they pass 
to collections of nerve-cells called the 
sympathetic ganglia, whence they emerge 
as non-medullated fibres, and are distri- 
buted to involuntary muscle The differences m diameter are well 
seen m sections stained by osmic acid, the black rings being the 
stained medullary sheaths (fig 47) 

It is interesting that the majority of the fibres of the posterior 
roots are of the small variety, a fact which suggests a relationship 
between the sensory roots and the autonomic system 

* fx bs micro-millimetre = millimetre 



Fig 47 —Section across a nerve 
bundle in the second thoracic 
anterior root of the dog, stained 
with osmic acid (Gaskell ) 
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The non-medullated fibres have no medullaiy sheath, anti are 
therefore devoid of the double contour of the medullated fibres 



Fig 48 — Grey, or non medullated nerve fibres From % branch of tlio olfactory nerve of the sheep, 
two dark bordered or white fibres are associated w(i>h the pale olfactory fibres X 460 (Max 
Schultze ) 

Their appearance is unaffected by osnnc acid They consist of an 
axis cylinder covered by a nucleated sheath They branch 
frequently, and are specially common m the autonomic nervous 
system 

Termination of Motor Nerves in Muscle, 

In the voluntary muscles the motor nerve-fijnes have special 
end-oigans called end-plates (fig 49) The fibre branches two or 



Fig 49 —Motor end plates , chloride of gold preparation to show the axis cylinders and 
their final ramifications of fibnllffi x 170 (Szymonowicz.) 

three times, and each branch goes to a muscle-fibre Here the 
neurolemma becomes continuous with the sareolemma, the medullary 
sheath stops short, and the axis cylinder branches several times 
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Tn addition to the motor nerve-endings theie are also sensory 
nerve-on dings m muscle, but these will be dealt with later 

In the mwluntaiy muscles , the nerve-fibres, which are for the 
most pait n on-medulla ted, may leach the stiuctures they supply by 
way of plexuses 01 netwoiks of fibres as in the intestine (q v ) 

Neuroglia 

The colls and fibies whieli make up the conducting systems of 
the cential neivous system aie laid down m and aie held together 
by a suppoitmg tissue of neuioglia This tissue is composed of 



Fio 6 0 —Branched nouroglia cell (After Stohr ) 


multi- branched cells (fig 50), the innermost of which are fixed to 
ciliated epithelial colls winch line the cential canal of the spinal 
cord and the ventueles <>t the brain, those nearer the surface are 
attached to the pu mater, a mcinlnanous covering of the central 
nei vous hj stem 
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IMlYSIOLOtiY OJj NKUVE 

Investigation of the Functions of a Nerve 

THERE aio two mam methods by which the functions of a nerve 
may bo aseoi tamed (1) svv twn, and (2) stimulation 

Section , — if a ncivc ih cut the loss of function that ensues may 
be observed Thus, if a motoi noive is cut, motion of the muscles it 
supplies can no longer bo produced by activity of the neive-centre, 
the muscle is paralysed If a sensory neive is cut, the result is 
loss of sensation m the pait Irom which it comes 

titimvlutwn — In a out motor neive, stimulation of the central 
end (/ e the end still connected with the cential nervous system) 
produces no result , stimulation of the peripheral end produces a 
nervous impulse winch excites the muscles to contiact In a cut 
sensory nerve, stimulation of the peripheral end has no lesult, hut 
stimulation of the central end causes a sensation, usually a painful 
one, and also reflex actions 

Degeneration of Nerve 

When a neive is cut, thoio are other results than the loss of 
function just mentioned, foi, even though the nerve is still left 
wilhm the body with a normal supply of blood, it becomes less and 
less irritable, till at last it ceases altogether to respond to stimuli 
This diminution of excitability starts from the point of section and 
travels to the periphery, but is temporarily preceded by a wave 
of increased excitability travelling in the same dnection (Ritter- 

Vallikw) ' . x i 

The pait left connected to tin* paient cell, usually xn the central 
nervous system, remains healthy > but the peripheral end which 
is cut off fiom its source of nourishment undergoes what is called, 
after the discoverer of the piocess, Waller tan degeneration Those 
portions of the axis-cylmdois winch are cut off from their parent 
cells die and break up into fragments, the medullary sheath of 
each undergoes a piocess of disintegration into droplets of myelin, 
which are ultimately absorbed and removed by the lymphatics 
At the same tune there is a multiplication of the nuclei of the 
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primitive sheath This degenerative piocess begins to ho visihlo 
microscopically two 01 thiee days aftci tho section has boon made 
In the non-niedullated fibres, there is no mednllaiy Hlioath to 
exhibit the disintegrative changes just alluded to, and the nuclei 



Fig 51 — Degeneration and regeneration of nerve fibres A, Nerve fibre* fifty hours after dim ration 
my, medullary sheath breaking up into myelfn drops, p, granular protoplasm , n , nut it us , q , 
primitive sheath or neurolemma B, Nervo fibre after four days , cy t axis < ylimler partly broken 
up and enclosed m portions of myelin 0, A more advanced stage in whl< h tint medullary sheath 
has almost disappeared, numerous nuclei, n", are seen 1), Commencing regeneration , He\eral 
fibres («', t ") have sprouted from tho somewhat bulbous cut end (?/) of the nerve fibre , a, an axis 
cylinder which has not yet acquired its medullary sheath , s, s', primitive sheath of Urn original 
fibre (Ranvier ) 

of the sheath do not multiply, there is simply death of tho axm- 
cyhnder The degeneration occurs simultaneously thumghnut the 
whole extent of the nerve Eanvier’s original diagram is repioducod 
in fig 51 The myelin droplets may he stained black by osmic acid 


Chemistry of Nervous Tissues 

Nervous tissues contain 65 per cent to 85 per cent of water The first careful 
study of this subject we owe to Halliburton who showed that grey matter contained 
a smaller proportion of solid (16 5 per cent ) than white matter (SO per cent ) He 
showed that in the cerebral grey matter the percentage of protein in the solids was 
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highest (51 per cent ) and consisted mainly of nudeo-protem Lipoids are also 
more abundant in non-medullated nerve than m medullated 

In the formei,as percentages of total solids, there occur cholesterol 47 pei cent , 
lecithin 9 8 per cent , kephalm 23 7 pei cent and galactosides 6 per cent Vaiious 
salts and extractives are also piesent . 

When a nerve degenerates the solids become less and, after three weeks, a 
notu cable change is the disappearance of phosphorus 

The staining reactions of a degenerated nerve indicate that the appearances 
are due to a breakdown not only in an anatomical sense, but m a chemical sense 
also Of these staining reactions the one most often employed is that which is 
associated with the name of Marchi This is the black staining which the medullary 
sheaths of degenerated nerve-fibres show when, after being hardened in Muller’s fluid 
(a fluid of which potassium bichromate is the main constituent), they are treated with 
Marches reagent (a mixture of Muller’s fluid and osmic acid) Healthy medullated 
nerve-fibres are blackened by osmic acid alone, in virtue of the phosphatides 
(lecithin, etc ) in their medullary sheath , such phosphatides contain the oleic acid 
radical, and this unsaturated fatty acid is responsible for the black reaction (see 
p 304), after treitment with ia chromic acid reagent they aie not blackened, but 
only assume a greyish-green colour When, however, the fibres are degenerated 
the chemical breakdown of the myelin sheath (though not fully undei stood in all 
its details) is at companied by an ability to reduce the osmic acid to a lower black 
oxide m spite of the previous treatment with chromic acid In the later stages 
ot degeneration the Marchi reaction is not obtained, because the broken-down 
globules have by that time been absorbed 


Regeneration of Nerve-Fibres 


If a noive is cut and allowed to heal, lestoration of function 
oectuH ciittu the lapse of a vanahle time, which can be shoitened 
if the cut ends of the nerve are sutured togethei This surgical 
assistance is of special impoitance when the nerve is a large one, 
foi the formation of dense scar tissue between the ends is thus 
minmusod The lestoiatxon of iunction is due to regeneration of 
nerve-libtos, which spiout out from the central end of the cut 
nerve and glow distalwards, leplacmg those which have degenerated 
The first new fibies to appeal are of a much nanower diameter 
than those they replace, this is lllustiated m fig 51, D Later 
the new fibies azo larger It is obvious that a mass of dense scar 
tissue will hinder the successful giowth of the nerve-fibres When 
regeneration does not take place, the cential ends of the out fibres 
and tho (Hills from which they originate also undergo slow atiopic 
changes (iUkvm atrophy) 

It has been suggested that the new fibies learly anse as a lesult 
of activity m the penpheral end, but the following facts aie over- 
whelming m favour of the cential origin of the new fibres — 


(1) It is possible entnely to pievent reunion with the central 
end of a divided nerve by enclosing the free end of the peripheral 
acumen t in a cap of stonlised gutta-percha (Halliburton) 

(2) Pieces of neivo may ho tiansplanted undei the slan, and 
in time a few fully-fonned medullated fibies appear within the 
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degenerated bundle of fibres (Kennedy) These may be shown to 
come from adjacent nerves (Halliburton) 

(3) The late appearance of the medullary sheath m those portions 
of the regeneratmg fibres which are most distant fiom the place 
where the nerve is originally cut and sutured, is a conclusive piece 
of evidence that the new nerve-fibres grow 
from the central end m a peripheral dneotion 

(4) If after the regeneration has taken 
place the neive be cut again on the periph- 
eral side of the original cut, degeneration 
takes place on the peripheral but not on the 
central side of the second cut (Halliburton 
and Mott) 

(5) Histologically the outgiowing films 
with an olive-shaped swelling at the iroo end 
of each axis cylinder may be seen (fig 52) 
by Cajahs silver method 

(6) Such outgiowths from nerve struc- 
tures have been observed m embryonic 
tissues grown m ljmph 

It must not, however, bo supposed that 
the peripheral end is entirely inactive, for 
while degeneration is progressing m the 
, , „ axons and their fatty sheath, an active 

at the ends of nerve fibres multiplication of the CCUS of the primitive 
the^c entrap eruhT t wen ty ^ne sheath Or 110111 oleilima IS taking place Til QUO 

dfvided ^(Mar^nesco 1 ) d k cen Lieurolemmal cells piobably play a nutritive 
part towards the moie important structures 
within them and prepare for the outgiowing fibres (Mott, Halliburton, 
Howell) Activity of the neurolemma is also particularly seen at the 
central termination of the cut nerve, le the area which nourishes 
the growing fibies Moreover, the neurolemmal activity appears 
to be essential to regeneration In the white fibres of the central 
nervous system the neurolemma is absent , m this situation not only 
is the removal of the products of degeneration a very slow process, 
but regeneration does not occur 

The Nerve Impulse. 

Its Nairn e — When a nerve is stimulated the change produced m 
it is known as the nervous impulse this excitatory process travels 
along the nerve and the propagation of the change is evident from 
the effect which follows, e g sensation, secretion, movement, but the 
nature of the change produced m or on the nerve itself is, like the 
intimate nature of muscle contraction, unknown 
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It is, however, clear that, while there may be several superficial 
i esemblances, a nerve is not merely a conductor of impulses, as 
a wire is of an electxic current The most important fact which 
makes a simple physical view difficult is that conduction m a 
nerve appaxently depends on some vital activity, and anaesthetics 
abolish conduction Moreover, the velocity of the nerve impulse, 
which is much less than that of an electric current, is influenced 
by change of tempoiature much more than a purely physical process 
would bo (Maxwell, Keith Lucas) At the same time it should be 
said that there is an mci easing volume of evidence, which suggests 
that the conduction may be a physical process superimposed on a 
vital structure (the neive), which, however, ceases to conduct as 
soon as the chemical processes on which its vitality depends are 
interfered with, eg if it is deprived of oxygen Some believe 
that the neive impulse stimulates the muscle by virtue of its 
action cun out, but there aic many views on the physical processes 
concerned 

It is important to emphasise that whatever the nature of the 
nerve impulse, the impulse is self-piopagatmg, somewhat like the 
combustion m a train of gunpowder when ignited. Adrian has 
shown that if the conductivity of a nerve be locally damped down 
by placing a segment m a bath of dilute alcohol, the impulse as 
soon as it roaches an undamped region flares np to its original 
strength as judged by its effect on the attached muscle or the 
extent of the electrical change set up (see below) The effect of 
such a procedure depends on the length of nerve narcotised The 
larger the hath the more likelihood is theie of the impulse being 
extinguished altogether (Kato) The power of a neive to conduct 
is alxdishod by tiee/ang, by C0 2 and anaesthetic vapouis, and by 
the passage of a constant current which presumably acts by setting 
up a movement of ions m a given direction 

The Changes which occur in Nerve during Activity — These 
are chemical, electrical, and thermal, as m muscle 

The li fed viced Change — The eunent of action of nerve may be 
demonstrated by means of non-polarisable electrodes and a string 
galvanometer It has the usual diphasic characteristic and its 
degree may be taken as an indication of the strength of the 
impulse It is propagated along the nerve at the same velocity as 
the impulse. 

Chemical Changes — The idea that there was definite respiration 
m nerve was in si advanced by Waller, and all subsequent work has 
confirmed his suggestion It has been shown that small amounts 
of carbon dioxide aio produced and that for continued activity 
oxygen is necessary Like muscle, nerve can function for a time 
m the absence of oxygen, and although, for nerve, this penod is 
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considerable it is not unlimited If the neive be tetanmed nt an 
atmosphere of C0 2 or an inert gas, it ceases to conduct, but it 
recovers with extieme rapidity when again exposed to oxygen 01 
air During the inactive period not only the physiological i espouse, 
eg the contraction of muscle, disappears, but also the eloctncal 
change Both, however, leturn with the leturn of the other signs 
of activity Anaesthetics, which dissolve m the lipoids, of which 
the nerve is largely composed, appeal to act by stopping oxidative 
processes 

Thermal Changes— It is only recently that it has been possible 
to demonstrate the small amount of heat produced by nerve, its 
presence had been assumed because of the chemical changes 
A Y Hill succeeded m doing this, using a thermopile with 300 
constantan (an alloy of copper and nickel) and silver junctions 
and capable of lecordmg changeB of lcsb than a millionth of a 
degree of temperature The effect is intensified by placing a 
bundle of nerves on the thermopile and utilising an extremely 
delicate galvanometer system He found evidence of heat produc- 
tion, not only during the conduction of the impulse hut also during 
the recovery period, as m muscle The heat production m some 
of the nerves of crabs has been found to be relatively largo* 

Effects of Stimulation — Excitability and conductivity mo 
appreciably influenced by stimulation, and Waller, who first made 
the suggestion, considered the effect to be due to the small amount 
of C0 2 produced Until 0 015 of a second after stimulation the 
excitability of the nerve is decreased, indeed, for 0 003 sec it will 
not respond at all (absolute refiactoiy period) It gradually liecomes 
more and more excitable and after 0 015 sec it may actually 
become hyperexcitable (supianormal phase), which state lasts until 
0 1 sec after stimulation, when the nerve is again normal 

The relative absence of fatigue m a nerve, as m the heart, is 
probably due to the fact that it is not acting continuously but 
intermittently and during the resting period, although this is 
extremely short, it is able to recover It is interesting to nolo 
that, as would he expected from the large heat production, crab 
nerve is fatigued compaiatively quickly (Hill) An oxpeumont 
to demonstrate the relative unfatigahiliby of neive is given 
on p 90 

These facts m relation to excitability give us an idea of the 
maximum numbei of impulses which can pass along a nerve m a 
given time The production of a supranormal phase suggests a 
reason why a succession of submimmal stimuli may eventually 
evoke and propagate an impulse which will give rise to sensation 
or leflex action 
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Velocity of a Nerve Impulse. 

The velocity oi a neive impulse may be measured, in motor 
neives, by tho method first used by Helmholtz a muscle-nerve 
piepaiatioiL is made with as long a nerve as possible, the nerve 
is stimulated, fix at as near to the muscle and then as far fiom 
the muscle, as possible The moment of stimulation and the 
moment of commencing conti action are recorded by muscle- tracings 
on a rapidly moving suifaoe provided with a time- tracing When 
tho nei ve is stimulated at a distance from the muscle, the contrac- 
tion begins later than it does after the first stimulation, and the 
diflbionce between the two is the tune occupied m the passage of 
the impulse along tho mteivemng piece of nerve, the length of 
which is known 

Tho most accuiato method is that of Bernstein, who takes the 
electrical change as tho indication of the impulse A stimulus is 
applied to one end of a long nerve, and the change m the electrical 
condition of the neive is recorded by a galvanometer connected to 
tho other end ofc the nerve The time between the application of 
the stimulus and the galvanometnc reply is measured 

The velocity of the nerve impulse has, by such experiments, been 
found to vaty with temperature, and to be approximately the same 
m both motor and sensoiy neives, but m the latter instance the 
electncal method only is available In cold-blooded animals it is 
slowet than in wann-blooded animals In the frog, for instance, 
at oidmaiy loom- temperature it averages 

In man, at normal body-temperature it is 120^metres per second^ 


Direction of a Nerve Impulse 

Noivo impulses are noimally conducted m only one direction m 
ofkuont netves from, m affeient neives to, the nerve-centres But 
Home experiments suggest that conduction may under certain con- 
ditions take place m both directions Thus, m the galvanometer 
experiment pint desenbed, if the nerve is stimulated m the middle 
instead of at one end, the electrical change (the evidence of an 
impulse) is found to he conducted towards both ends of the nerve 
A nerve impulse can, howevei, only pass m one dnection across a 
synapse that is only horn axon to dendron This property it has 
been suggested depends on the exact nature of the endings of the 
illlllls 

Crossing of Nerves. 


Sumo experiments designed to prove the possibility of nervous 
eond notion m both dnoctions were performed many years ago by 
Paul Pert Ho grafted the tip of a rat s tail either to the back of 
tho same rat. or to the nose of another When union had been 
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effected, the tail was amputated near its base Aftei a tnno, 11 ntution 
of the end of the trunk-like appendage on the back or nose of the 
rat gave rise to sensation The impulse thus passed from base to 
tip, instead of from tip to base, as formeily This exponmont does 
not, however, prove the point at all, for all the oiigmal nerve-fibtes 
m the tail must have degenerated, and the restoration of sensation 
was due to new fibres, which had giown into the tail Exactly the 
same objection holds to another series of expeuments, m winch the 
motor and sensory nerves of the tongue were divided and united 



Fig 53 —Diagram to illustrate Langley’s experiment on vagus and cervical sympathetic time* In 
A, the two nerves are shown intact , the direction of the impulses they normally carry is ahown by 
arrows, and the names of some of the parts they supply are mentioned In B, both imn n# are t ut 
through The degenerated portions are represented by discontinuous lines In C, the union 
described m the text has been accomplished, and stimulation at the point a' now produces the same 
results as were m the intact nerves (A) produced by stimulation at a 


crosswise Bestoration of both movement and sensation doos occur, 
but is due to new nerve-fibrdfe growing out from the central stumps 
of the cut nerves 

Though these experiments do not prove what they were intended 
to, they are of considerable interest Kennedy later carried out 
a very careful piece of work on this question of nerve-crossing 
He cut m a dog’s thigh the nerves supplying the flexor and the 
extensor muscles, and sutured them together crosswise. Kegenera- 
tion of structure and restoration of function occurred as quickly 
as when the central ends were united to the peripheral ends of thou 
own proper nerves On examining the cortex of the brain in those 
animals in which nerve-crossing had been accomplished, it was 
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found that stimulation of the region which m a normal animal gave 
flexion, now gave extension of the limb, and vice veisct, 

A senes of equally important experiments was earned out 
by Langley, in which he showed that the nerves that supply 
mvoluntaiy muscle behave m the same way These nerve-fibres 
will, undm ooi tain experimental conditions, ter mina te by arborising 
lound other nerve-cells than those with which they nor mall y 
foim connections (synapses)* It will be sufficient to give one 
typical experiment If the vagus nerve is cut across m the neck, its 
ponpheral end dogoneiates downwaids, if the cervical sympathetic 
is cut across below the supenoi cervical ganglion, its peripheral end 
degenerates upwards, as far as the ganglion If subsequently the 
central end of the cut vagus is united to the peripheral end of the 
cut sympathetic, in the course of some weeks the vagus fibres grow 
into the sympathetic and form synapses round the cells of the 
superior cervical ganglion, and stimulation of the united nerve now 
produces finch ellccts as are usually obtained when the cervical 
sympathetic is irritated, foi instance, dilatation of the pupil, raiBmg 
of the upper eyelid, and constriction of blood-vessels of the head and 
neck (iig fib) 

Such experiments as these aie important because they show that 
though the action of neives may be so different in different instances 
(some being motor, some inhibitory, some secretory, some sensory, 
etc), what occurs m the neive trunk itself is always the same, the 
difference of action is due to difference either in the origin or dis- 
tribution of the nerve-fibres The familiar illustration in which 
nerve trunks aie compared to telegraph wires, is a helpful one The 
destination of a certain group of telegraph wires may be altered, 
and the alteration may produce different consequences at different 
places, the electtic change m the wires would, however, be the 
same Ummghout So the nerve impulse is always the same sort 
of molecular disturbance, if it is made, as m the experiment just 
described, to go by a wrong channel, it produces just the same results 
as though the impulse had reached j,ts destination by the usual 
channel 

Tfce Eff ect of Electric Currents on Excitability and Con- 
ductivity.— These effects are of some interest as they may throw a 
light on the problem of the nature of the nerve impulse 

If a constant current of about 2 volts is passed through a 
nerve and the excitability of the nerve tested by placing a pair of 
stimulating electiodes close to the positive (the anode) and to the 
negative (the kathode) wires, it is found that m the region of the 
anode the nerve is unexcitable, while in that of the kathode it is 

* The meaning of the term “synapse” is fully explained m Chapter VII 
(P 86) 
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hypei excitable These conditions aie known as anelectrotonus and 
katelectrotonus lespeetively If then constant cun out is passed 
through a nerve the nerve ceases to conduct (Bernstein) because of 
the area of anelectrotonus at the anode Use is commonly made of 
this fact m physiological expenments as such a neive-blook is 
equivalent to nerve section with the advantage that it is only 
temporary 

This effect on a nerve must not be confused with the momentary 
stimulation of a nerve which may occui the moment the cueuit is 
made or broken according to the strength of current used and the 
position of the electrodes At the make the stimulating electrode is 
the kathode, but at the bieak the stimulating electiode is the anode, 
facts of some importance m relation to reaction of degeneration (see 
below) in which the excitability is alteied 

Reaction, of Degeneration — When the nerve to a muscle 
becomes injured or impaired the excitability of the muscle is fm a 
short period mcreased but later exhibits ceitam changes which 
appear to indicate a reduced excitability 

' When the nutrition of the nerves is impaued, much stronger 
currents of both the induced and constant kinds are necessary to 
evoke muscular contractions than in the normal slate When the 
nerves are completely degenerated (when, for instance, they are cut 
off from the spinal cord, or when the cells m the cord from which 
they originate are themselves degenerated, as m infantile paralyse) 
no muscular contraction can be obtained on stimulating the nerves 
even with the strongest currents 

When the motor nerve is degenerated and will not respond to 
any form of electrical stimulation, the muscle also loses all its power 
of response to currents of very short duration such as those produced 
by an induction coil The nerve-degeneration is accompanied by 
changes m the nutrition of the muscle-fibres, as is evidenced by 
their rapid wasting, and their failure also to respond to rapid 
mduced currents A weaker constant current, however, stimulates 
the muscle in the normal state, because the muscle-fibres them- 
selves are in a state of irritable weakness, but the contraction 
is propagated moie slowly than when the nerve-fibres are intact 
There is, moreover, a qualitative as well as a quantitative change 
In health the first contraction to occur on gradually increasing the 
strength of the current is at the negative pole, when the circuit is 
closed (Pfluger’s law), and a stronger current is requited before 
closure-contraction occurs at the positive pole But in the morbid 
state we are discussing, closure-contraction may occur at the positive 
pole more readily than at the negative pole, ie, AGO is greatei 
than K C C * 

* A C C = Anodal closing contraction KCC = Kathodal closing contraction 
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Tho reaction of degonoiation is o! considerable importance m 
medical and surgical diagnosis as it is a convenient objective method 
of (leiiioiiHtmtmg whether or not the nerve supply to a muscle is 
intact The sluggish inaction to a constant current is specially 
chat actoristie <>t degeneration which does not appear foi some time 
allot vohmluiy movement is lost These changes are developed 
aftei a woi'k or ten days, hut after a longer penod of months the 
muscles lose then powei ol conti acting altogether Gradually the 
muse les theniselvos degeneiato and waste away 

Fatigue. 

If tho mtisclo of a nerva-muscle preparation be stimulated 
frequently, tho muscular contractions become more prolonged, 
smallor in extent, alul finally cease altogether This can be demon- 
strated by making tho muscle write a cuive with eveiy revolution 
of a recording oylindoi, until it ceases to contract at all Fig 54 
shows the result. At first the contractions improve, each bemg a 
little higher than the preceding, this is due to the beneficial effect 
of am tract, am Then tho contractions get less and less But what 
is most noticeable is that the curves are much more prolonged the 
latent pound is longer, the period of contraction longer, and the 
period of relaxation very much longer This condition is known 
as contracture, and the original base-line may not be reached by 
tho time the next stimulus arrives In the last stages of fatigue, 
contracture passes off Co’ntracture is often absent m fatigue of 
mammalian muscle 

Fatigue of muscle stimulated directly is due to the consumption 
of the substances available for the supply of energy m the muscle, 
but more particularly to the accumulation of waste products of con- 
traction ; of these sarcolactic acid is the most important Fatigue 
may bo artificially induced m a muscle by supplying it with a weak 
solution of lactic acid, and may then “be removed by washing our 
the muscle with salt solution containing a minute trace of alkali 
If the muscle is in the body, the blood-stream washes away part of 
the accumulation of acid products, the remainder is oxidised or 
resynthesised and fatigue passes off 

When a nerve-muscle preparation has been fatigued by stimula- 
tion tluoiigh the nerve it is found that the muscle will still contract 
if stimulated directly, and this raises the question whethei the nerve 
or the lUHve-endmg is the seat of the fatigue That the nerve 
is not fatigued may be shown by the following expernnent A 
temporary blink is applied to the nerve between the point of 
stimulation and the muscle For blocking a piece of ice or a 
galvanic cm vent (see p 86) may he used The nerve is now 
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P is the point of stimulation , the time* tracing shows hundredths of a second Ii this experiment the 
muscle was weighted to prevent the occurrence of contracture 
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stimulated foi a penod much longei than that which would be 
necessaiy to cause fatigue if contraction were occurring During 
such a period the nerve, if fatigable, must have become fatigued, but 
it is found that immediately the block is removed the nerve conducts 
quite normally 

It used to be concluded from the above experiments that, smce 
neither the neive 1101 the muscle have been fatigued, the seat of 
fatigue must lie in the nerve-endings The work of Lapicque, how- 
ever, suggests that the muscle has changed its irritability (PP 26-27) 
and theiefoie can no longer be excited by impulses which pass 
down the neive — although it can be excited by stronger stimuli 
such as aie produced by an ordinary induction coil We are thus 
reminded that the impulse which passes down a nerve may, for 
reasons indicated on p 82, beai no relation to the strength of the 
stimulus applied to the neive 

The action of ciuan, the South American airow poison, is now 
believed to be duo to similar change m the excitability of the muscles 
so that they cannot be stimulated through their motor nerves 
When the muscles of respiration become affected and cease to act 
death occuis 

Fatigue of Voluntary Movement 

When the muscle is fatigued m the intact body, there is another 
factor to bo considered beyond local poisoning 

By the use of the eigograph (Mosso, Waller), it has been shown 



that the state of the brain and central nervous system generally is 

an important factor in fatigue , . „ 

One of the most striking of Mosso’s experiments illustrates m a 
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very forcible maimer the fact that the central nervous system is more 
easily fatigued than muscle A person goes on lifting a weight as 
shown in the figure, until, under the influence of the will, he is 
unable to raise it any more If then, without waiting for fatigue 
to pass off, the nerves going to the finger muscles are stimulated 
artificially by induction shocks, the muscles once more enter into 
vigorous contraction 

Mosso has also shown that the introduction of the blood of a 
fatigued animal into the circulation of a normal one will give rise m 
the latter to all the symptoms of fatigue, for the blood of the fatigued 
animal contains the products of activity of its muscles 

It may be that the “ fatigue” occurs in central synapses is a 
result of the formation of fatigue products locally or the exhaustion 
of central cells It has also been shown that if the circulation 
through the limbs is obstructed the liability to fatigue is not so 
much increased as might have been expected It has therefore 
been suggested (Eeid) that something of the nature of a central 
mhibition results from impulses which pass up from the active 
muscles themselves It appears that normally we are capable of 
using only a certain proportion of the muscle-fibres at one time, 
because inhibitory impulses aie set up by the pressure on the sensory 
nerve-endings, the muscle spindles of the muscles, and pass into 
the central nervous system (Denny Brown) The excessive strength 
which can be exercised by a madman or individual under severe 
stress may in part be due to his bringing into use more fibres than 
can be used normally 

Rest Pauses — It may be shown on an isolated muscle or by 
means of the ergograph that it is not economical to fatigue a muscle 
to its limit and that to get the maximum work out of a muscle m a 
given time there should be rest pauses The pauses should, as far 
as possible, be evenly distributed 

A good example is quoted by Myers If m an ergograph 
experiment the finger makes 30 contractions m 60 seconds with a 
certain load, two hours 5 rest is necessary for complete recovery If, 
on the other hand, the finger makes 15 contractions in 30 seconds 
with the same load a rest of only half an hour is necessary Hence 
m a two-hour period of work the second arrangement would give 
double the output of work 

These facts which were extensively applied m munition works 
during war time have a wider application to industrial work 
generally, as they not only give more leisure to the worker but 
increase the quantity and quality of the work done Experiments 
on the learning of poetry by students, and on rats learning to get out 
of a maze, suggest that it. is probable that the necessity for rest 
pauses applies to mental work also 
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CHAPTER IX 

THE AUTONOMIC NERVOUS SYSTEM 

Students unfamiliar with elemental y anateiny should read the 
section on the spinal coid before reading ™ 18 cii apter 

It must be clearly understood that the autonomic nervous 
system is pait of the general nervous system with which it works 
in close harmony It is described separately partly for purposes o 
convenience and paitly because it controls certain automatic bodily 
activities, »g the circulation and digestion, over which we have no 
voluntary control Anatomically the system m peculiar m that the 
neurones of which it is composed have synaptic June ions in . g g 
outside the central neivous system Moreover, the action of certain 
drugs appears to bo related to this system rather t lan o le nervou 

SyS lTth?chap°ters which immediately follow, we shall be studying 
the organs which carry on the vegetative ^Me that, 

mechanism involved in controlling and regulating b . 

The autonomic nervous system is divided into at leas wo parts 

which are anatomically, pharmacologically; and P ysi § X , 

or less distinct This distinction is convenient, but t must be 

understood that there is no real distinction ^ re % arc .? . 

1 The sympathetic which arises from the first thoracic to the 

third lumbar anterior neive-roots of the spinal coru 

2 The parasympathetic arises m connection with certam 
. , F second, third, and fourth 

cranial nerves, the thoracic nerves,* anti sec ; 

sacral anterior roots of the spinal coid dl3 tmgmsh the 

In addition some authors (eg Langley;"® wail 

enteric system which consists of ganglia an P , 

of the intestine, hut these are intimately assoc ated with the 

sympathetic and parasympathetic, Frt icalar g “ usfc be understoo d 
(A) Tub Sympathetic System ba8 so far been 

nothing more than tho origin of tins sy oontroll fibres 
established There is much evidence tnay r_. t i..T ara . ( , TWl(m 

pass down from the brain, probably from th yp lateral 

In tho spinal cor<l they have been found passing down m the lateral 

* Prior to inclusion of these nerves m the parasympathetic, this group was 
known as the cranio-sacral autonomic 
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columns From their origin m the lateral horn of the spinal cord, 
the axons leave by way of the anterior roots of the spinal nerves 
from the first thoracic to the third lumbar segments inclusive 
The axons separate from the anterior roots as the white rami 
commumcantes and join a chain of ganglia, or collections of 
nerve-cells, the sympathetic chain, situated on each side of the 
vertebral column These ganglia correspond roughly with the 
spinal segments from the coccygeal, or lowest, ganglion upwards, 
and are joined together by connecting fibres In the upper part, 
however, the ganglia corresponding to the upper four thoracic roots 
are fused to form the large stellate ganglion and the upper 
four cervical are fused to form the superior cervical ganglion. 
In man, the lower cervical ganglia form the middle and inferior 
cervical ganglia, but in many animals, eg the cat and dog, the 
latter is fused with the stellate 

From these vertebral ganglia fibres are distributed m two mam 
directions, to the spinal nerves and to the collateral or pie vertebral 
ganglia, such as the coeliac from which the eoehac plexus tabes 
origin, the superior mesenteric, and the inferior mesenteric from 
winch the hypogastric nerves arise From these outlying ganglia 
fibres pass to the terminal ganglia and nerve plexuses in connection 
with thoracic, abdominal, and pelvic viscera Some of the fibres 
in the lower thoracic region which leave the lateral chain to supply 
the outlying ganglia of the abdomen join together to form large 
trunks biown as the splanchnic nerves 

From the ganglionic chain arise also fibres known as the grey 
rami, because of their colour These join the spinal nerves, 
and are distributed with those nerves to structures' such as blood- 
vessels, muscles of the hairs, and sweat glands It will be noticed 
that, although the white rami arise only from certain spinal roots, 
the grey rami return to each of the spinal nerves from the nearest 
ganglion of the lateral chain 

The impulses that pass to the involuntary musculature of the 
body arise m the central nervous system, and travel to the ganglia 
of the autonomic system by means of fine medullated nerve-fibres , 
the diameter of these fibres varies from 1 8 to 3 6 fi , the fibres 
therefore contrast with the motor fibres which pass to voluntary 
muscles, the diameter of these being 14 to 19 fx (see fig 49, p 72) 
There is a further conti ast between them the motor fibres to 
voluntary muscles pass uninterruptedly from the central nervous 
system until they terminate in the end-plates of the muscles The 
autonomic fibres, on the other hand, terminate by arborising round 
cells in one or other of the autonomic ganglia, and from the ganglion 
cells a fresh relay of nerve-fibres carries on the impulse to the 
mvoluntary muscles There is thus an extra cell-station or synaptic 
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Fig 56 —Diagram of the autonomic path m the spinal region ACC, anterior cornual cell giving 
rise to a large motor nerve fibre which is distributed to voluntary muscle (V M ) I L T , a 
small cell of the intermedio lateral tract giving rise to a small medullated nerve fibre which 
leaves the coid by an anterior root, and leaves the anterior root by the white ramus (WE), it 
terminates by arborising round cells in a ganglion of the sympathetic chain From these cells 
fresh non medullated axons continue the impulse, and return to the spinal nerve by the grey 
ramus (G E ) being finally distributed to involuntary muscle fibres (I M ) The pre-gangliomc 
path is coloured rea, the post ganglionic blue To complete the diagram, a posterior root-fibre is 
also shown with its parent cell in a spinal ganglion fees also fig 106 Post ganglionic fibres 
arising in the lateral ganglion and passing to outlying ganglia or organs are not shown 
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Fig 57 —Arrangement of pre and post ganglionic fibres in splanchnic and inferior splanchnic 

nerves (After Langley ) 
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junction altogether outside the central nervous system The auto- 
nomic path, in other words, consists of two neurones one from the 
central nervous system to the ganglion, and a second from the ganglion 
to the peripheral tissue The first axon is termed the poe-ganghome 
fibre, the second, the post-ganghomc fibre The pre-ganghomo fibres 
are medullated ones, and the post-ganglionic fibres are usually 
non-medullated, but there are exceptions to this lule 

The general arrangement of such nerves is lepresented m fig 6G 
The cell-station of any particular pie-gangliomc fibie is not 
necessarily situated m the first ganglion to which it passes, the 
fibres of the white ramus communicans of the second thoracic nerve, 
for instance, do not all have their cell-stations m the second thoracic 
ganghon, but may pass upwards or downwards m the chain to a 
more or less distant ganglion before they terminate by arborising 
lound its cells It therefore follows that fibres that leave any 
given spinal nerve by its white ramus, do not necessarily return as 
post-ganghonic fibres by the grey ramus to the same spinal nerve, 
although, for the sake of simplifying the diagram, they are repre- 
sented as doing so m fig 56 

Furthermore, there are many fibres of the white rami which enter 
the lateral chain of ganglia and pass through them without com- 
municating with their cells at all, and never icturn to the spinal 
nerves by grey rami They pass out of the lateral chain to either 
collateral or even terminal ganglia before reaching their cell-stations, 
whence the post-ganglionic fibres emerge This is the case for the 
sympathetic supply of the blood-vessels and involuntary muscle 
fibres of the thoracic, abdominal, and pelvic visceia, and is there- 
fore true for such important nerves as the cardiac accelerators and 
the splanchnics 

Fig 57 shows the course of the splanchnic fibres, and will help 
the student to grasp this method of distribution 

The great majority are arranged as m A, that is to say, they have 
their cell-stations in the solar [coehac] ganglion Comparatively few 
are arranged as in B, where some fibres do not reach their cell-stations 
until they arrive at the terminal ganglion situated m the walls of the 
viscus (for instance, the pancreas) to which they are distributed A 
few possibly are arranged as m C, with a cell-station for some of 
their branches m the lateral sympathetic chain 

It will be noticed that if any post-ganghonic fibre is traced back- 
wards, there is one and only one cell-station between the central 
nervous system and the ultimate distribution of the nerve-fibres 
Elucidation of these facts we owe largely to the use of the 
nicotine method originally introduced by Langley and Dickinson, 
and employed since by Langley mainly m conjunction with H K 
Anderson 
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Fio 5S —Diagiam of the Autonomic Nervous System, showing its origin from the Cential Nervous 
System The small anows fiom the ganglionic chain indicate branches to limbs, trunks, etc 
Spinal paiasympathetic fibies aie not shown OM, oculo motoi , AT, aunculo temporal, CT, 
chorda tympani , SCO-, sup cervical ganglion , ICG, inf cervie gang , CP, coeliac plex , SN , 
splanchnic nerves, SM, sup mesenteric plex , AP, aortic plex , IMy, inf mesenteric plex , HN, 
hypogastric nerve, Hy, hypogastric plex > PV, pelvic neive 

D* 
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the spinal nerves for distribution to the blood-vessels of the body 
wall, to the muscles which erect the hairs (pilo-motor neives), and to 
the sweat glands of the skin 

(J3) The Parasympathetic The parasympathetic consists of 
fibres which arise from certain cranial, spinal, and sacral nerves 

1 Fibres which arise fo om the mid-h am — These emerge by the 
third nerve, the pre-ganglionic fibres pass to the ciliary ganglion, 
the post-ganghonic, arising from the cells of this ganglion, run m 
the short ciliary nerves to supply the intrinsic muscles of the eye- 
ball (sphincter mdis and ciliary muscle) 

2 Fih es which arise from the medulla oblongata — These emerge 
by the following nerves — 

(a) Seventh and ninth nerves These supply the blood-vessels 
with vasodilator fibres and also the secreting glands m the nose and 
mouth region The ganglia on the course of these fibres are the 
spheno-palatme, otic, submaxillaiy, and sublingual ganglia Some 
of these fibres (for instance, those m the chorda tympani) get 
bound up with branches of the fifth nerve, and are distributed 
with them 

(i b ) Tenth and eleventh nerves These are distributed by the 
branches of the tenth or vagus nerve to the oesophagus, stomach, and 
small intestine, to the bronchial muscles, to the heart, and ( to 
the gastric and pancreatic secretory mechanism Here our know- 
ledge of the localisation of the cell-stations is not so exact as it is m 
other parts , some of the fibres appear to have their cell-stations m 
the ganglion on the trunk of the vagus, but m many cases they do 
not become post-ganglionic until the terminal ganglia in the walls 
of the various organs mentioned are reached 

3 The spinal fibres and vasodilator nerves — The knowledge that 
certain fine medullated fibres in the posterior spinal roots when 
stimulated cause vasodilatation, we owe chiefly to Bayliss although 
their presence had been noted by Strieker These fibres have been 
called antidromic because their impulses p&ss out against the 
general afferent stream of the posterior roots They have hitherto 
not been considered parasympathetic because their action, unlike 
that of other vasodilator nerves, is not abolished by atropine 
They are, however, the reciprocals of the vasoconstrictor nerves 
The fact that they really do belong to the parasympathetic system 
has recently been much emphasised by Kurd and his co-workers 
m Japan, who claim that these fibres have a motor action on the 
alimentary canal * Their view is supported by the work of Dale and 
Gaddum which indicates that vasodilator nerves act like the vagus 
by producing acetyl-cholme, but m such a way that the action is not 

* These experiments have not, however, been confirmed by independent 
observers 
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prevented by atropine Kur<$ suggests also that they exert a trophic 
function and that the degeneration of tissues and liability to infection 
such as is seen m bed-sores is due to the degeneration of these fibres 
It is considered that some of these parasympathetic fibres join the 
splanchnics with which they are distributed 

4 The sacral fibres — The pre-ganglionie fibres emerge m the 
white rami of the second, third, and fourth sacral nerves They 
pass through the sacral ganglia of the lateral chain without forming 
connections with any cells there, and they pass on as the nervus 
erigens, or pelvic nerve, to join the pelvic plexus The fibres’ of 
this nerve supply vasodilator fibres to the external geneiative 
organs (whence its name), to the rectum and anus, and motor fibres 
to the musculature of the descending colon and rectum, they have 
their cell-stations in the small scattered ganglia of the pelvic plexus, 
or m terminal ganglia m the walls of the viscera they supply 

The Enteric System and Terminal Ganglia — This term refers to 
the ganglia and network of fibres m the walls of the intestine (plexuses 
of Auerbach and of Meissner) These apparently act as local nerve 
centres controlling purely local activity, but there is reason to 
believe that both the sympathetic and the parasympathetic bring 
about their intestinal effects through these plexuses Othei terminal 
gangha are those m the walls of the heart, bladder, and other oigans, 
but the evidence that these can act as local nerve centres is not 
convincing , they seem to act chiefly as cell-stations on the course 
of incoming fibres especially those of the vagus (See Control of 
Intestine ) 

General Function of the Autonomic Nervous System — Every 
organ of the body over which we have no voluntary control appears 
to be supplied with two sets of fibies — from the sympathetic and 
the parasympathetic — which have opposite functions The appi eola- 
tion of this fact we owe largely to Gaskell, to whom, and to Langley, 
is due so much of our knowledge on the subject In Gaskell’s 
nomenclature, the sympathetic or accelerator group of nerves is 
termed katabohc, as they are concerned with general increase of 
work and utilisation of energy m the various parts of the body , the 
parasympathetic group anabohc, as it is more intimately concerned 
with the processes which take place during bodily rest 

While the statement is generally true it would probably be 
better to say that, while the sympathetic provides for the work of 
to-day the parasympathetic provides for the work of to-morrow 
For example m relation to the heart, it may be shown that the 
process of physical training which promotes the muscular efficiency 
of the heart increases parasympathetic activity, but during the 
performance of the exercise the sympathetic action is increased 
while parasympathetic action is decreased 
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The sympathetic may he looked upon as adapting the body to the 
needs of musculai activity By far its most important and certain 
functions aie to moiease the heart-rate and blood-pressuie, to airest 
the activities of the alimentary canal, and to mobilise glucose , while 
increased action of the parasympathetic, e g the vagus, causes slowing 
of the heart and increased activity, motoi and secretory, of the 
alimentary canal and all its associated glands 

In addition to the above, the sympathetic has many other detailed 
functions which may be enumerated it increases the capacity for 
muscular woik, dilates the pupil and bronchi, constricts blood- 
vessels, causes the secietion of sweat, and brings about the erection 
of hairs 

Most of the actions of the sympathetic are also brought about 
by the injection of adrenaline into the blood-stieam, and by the 
accumulation of carbon dioxide m the body, and there is good 
leason to believe that m severe physical exercise the activities of the 
sympathetic, adrenaline, and carbon dioxide reinforce each other The 
apparent object of such a mechanism is to make available for the 
active muscles a maximum amount of oxygen-carrying blood, at 
the temporal y expense of those parts of the body whose activity is 
not immediately required, eg the alimentary canal Tins arrange- 
ment makes it possible for the body to use its already accumulated 
store of potential energy without having recourse to its immediate 
environment foi anything but oxygen, which it cannot store to 
any appreciable extent but which is normally always available m 
the atmospheie 

The relationship of the sympathetic system to afferent impulses — 
As we have said, we must look upon the nervous system as 
acting reflexly Our knowledge of this subject is as yet very 
impel feet, but it is important to note that there is much evidence 
that stimulation of afferent nerves, eg the production of pain m 
man, 01 stimulation m anaesthetised annuals, causes sympathetic 
activity, eg dilatation of the pupil, acceleration of the heart, and 
constriction of blood-vessels The fact suggests the possibility of 
a connection between the posterior root-fibies and the wlnte rami 
Such a connection is still iurthei emphasised by the facts that the 
posterior roots, unlike the anterior roots, contain a very large number 
of small (autonomic) fibres, and that the lateral ganglia and the 
posterior loot ganglia are developed from the same mass of cells on 
the neural crest of the embryo, from which also is developed the 
medulla of the suprarenal gland, the hormone of which, as we shall 
see, also acts like the sympathetic 

The exact mechanisms by which the sympathetic is called into 
operation have not yet been fully elucidated, but it is evident that 
its activity is specially 1 elated to ^n^Mmi'O-ne Utu-afferent 
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which may not reach consciousness The effect of sensory stimula- 
tion may he looked upon as reflex in nature via the posterior loots 
and the rami cominunicantes It is interesting to note that, although 
anaesthesia may abolish the connection between the postenoi and the 
anterior roots, between the posterior root and the white lamus the 
connection is unaffected It seems most probable that all the 
actions of the sympathetic are essentially leflex and depend on 
afferent impulses which reach the system from the external environ- 
ment or internal structures 

The Afferent Fibres from the Viscera — It will have been 
noticed that the autonomic nervous system, as described, is an 
efferent system, but, throughout the areas supplied, there are also 
afferent fibres which carry impulses into the central nervous system 
We have, however, no means of differ entiating these fibres from 
those of the general nervous system, and very few of their path- 
ways have been accurately traced Langley has, however, attempted 
to do this He utilised the movements of a limb which occurred 
on stimulation of an afferent neive It can also be shown that 
in the chloralosed cat, appropriate stimulation of viscera may cause 
dilatation of the pupil and, from the effects of nerve section, the 
pathways may be traced (MTDowall) It should perhaps be stated 
at this point that the viscera are not sensitive to all stimuli but only 
to tension and pressure Speaking generally, it appears certain that 
the afferent paths are by the posterior roots of all the spmal nerves 
which receive grey rami from all the sympathetic ganglia Of 
special interest are the afferent fibres from the heart which have 
now been shown to pass m by the posterior roots of the upper thoracic 
and lower cervical region This subject is discussed later in relation 
to sensation 

The Action of Drugs on the Autonomic Nervous System — 

These are important from the physiological point of view, since it 
is largely by the use of drugs that the activities of the autonomic 
nervous system have been elucidated As they are dealt with later 
they need only be mentioned here 

Sympathetic stimulant — adrenaline Paralysant — ergotoxme 
and eigotamme Parasympathetic stimulant — pilocarpine, choline, 
and acetyl-choline Paralysant — atropine 

Adrenaline and acetyl-cholme are substances produced by the 
body itself and are known to be intimately concerned with its 
regulation , indeed, there is increasing evidence (see below) that the 
sympathetic and parasympathetic bring about their actions by 
producing these substances m the region of their neive-endings 

Nicotine, as we have seen, paralyses both systems by acting on 
the synapses in ganglia The other drugs act m the region of the 
nerve-endings The evidence that they do not necessarily act 
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directly on nerve-endings is that they still continue to act after 
the nerve has been cut and become degenerated, indeed, the organ 
may be more sensitive than before This occurs, for example, m 
the case of the pupil, which becomes more sensitive to adrenaline 
after the sympathetic supply has been cut A suggested explanation 
is that there may be, between the actual nerve-ending and the oigan, 
a receptive substance on which the drugs act (Langley) 

The details of the action of the drugs are to be inferred from 
what has been said m relation to the general function of the 
autonomic nervous system, and aie dealt with fuither m 1 elation 
to the special systems of organs concerned 

The Mode of Action of Autonomic Nerves — Theie is an 
increasing amount of evidence that the nerves of the autonomic 
nervous system do not act directly on tissues but by producmg 
chemical substances m the legion of then neive-endmgs The first 
suggestion of such activity came fiom Loewi who found that, when 
the perfused heart is inhibited by stimulation of the vagus, a 
chemical substance is pioduced which will slow another heart 
pei fused by the fluid which has passed through the first heait 
The exact conditions undei which this experiment may be legulaily 
successful have been woiked out by Bam m Edinburgh, who has 
shown that the hydrogen ion concentration of the pei fusion fluid is 
very important In relation to the sympathetic, Emldeman demon- 
strated that when a piece of intestine contracting rhythmically m 
a bath of oxygenated saline is inhibited by stimulating its attached 
splanchnic nerve, there passes into the saline a chemical substance 
lik$ adrenaline, which inhibits the movements of another piece of 
intestine m the same bath Latei on, Cannon brought forward 
evidence to show that, when blood-vessels are caused to constrict 
by nerves, a chemical substance is produced which acts like 
adrenaline on the heait 

Vasodilatation by neives has also been shown to be similarly 
produced Lewis has put forward evidence that the blisters of 
herpes (shingles), a condition due to inflammation of the posterior 
root ganglia, aie caused by the production of a histamme-like, 
substance m the skin (see capillaries), while Dale and 
Gaddum have recently found that the vasodilatation produced by 
stimulation of vasodilator nerves is due to acetyl-cholme, and they 
explain the absence of action of atropine m such vasodilatation by 
the suggestion that the atropine cannot reach the acetyl-cholme 
before it stimulates the muscle Tins substance is of great interest, 
as m larger doses it slows the heart, but is rapidly destroyed m the 
circulation 
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THE CIRCULATORY SYSTEM 

The circulatory system consists of the hea f ) t, the arteo les, or vessels 
which cany the blood from the heait to other parts of the body, the 
veins, or vessels which cany the blood back to the heart again, and the 
capillaries, a network of minute tubes which connect the terminations 
of the smallest aitenes to the commencements of the smallest veins 

The Heart 

This is the gieat musculai pump of the circulatory system It 
lies m the chest between the right and left lungs (fig 59), and is 
enclosed m a bag called the pencai dium The pencaidium consists 



Pit} 60 ~ Vie* of heart and lungs in situ The front portion of the chest wall and the 
outer or parietal layers of the plourie and pericardium have been removed The 
lungs are partly collapsed 

of two layers, one fibrous and one serous The inner seious layer 
becomes continuous with the serous covering of the heart or 
epicarclmm , the outer fibious layer of the pericardium is attached 
below to the diaphragm, the partition between the thorax and 
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the abdomen The sac formed by the junction of the serous 
layer of the pericardium and the epical dium contains just enough 



Fig 60 —The left auricle and ventricle opened and a part of their anterior and left walls removt d £ 
—The pulmonary artery has been divided at its commencement , the opening into the left ventricle 
is carried a short distance into the aorta between two of the segments of the semilunar vah es , and 
the left part of the auricle with its appendix has been removed The right auricle is out of view 
1, the two right pulmonary veins cut short , their openings are seen within the auricle , T, placed 
within the cavity of the auricle on the left side of the septum and on the part which forms the 
remains of the valve of the foramen ovale, of which the crescentic fold is seen towards the left hand 
of T, 2, a narrow portion of the wall of the auricle and ventricle preserved round the auriculo 
ventricular orifice , 3, 8', the cut surface of the walls of the ventricle, seen to become very much 
thinner towards 3", at the apex , 4, a small part of the anterior wall of the left ventricle which has 
been preserved with the principal anterior columns carnea or musculus papillaris attached to it , 
6, 5, musculi papillares , 5', the left side of the septum, between the two ventricles, within the 
cavity of the left ventricle , 6, 6', the mitral vah e , 7, placed in the interior of the aorta, near its 
commencement and above the three segments of its semilunar valve which are hanging loosely 
together, 7', the exterior of the great aortic sinus, 8, the root of the pulmonary artery audits 
semi! nar valves, S', the separated portion of the pulmonary artery remaining attached to the 
aorta by 9, the obliterated ductus arteriosus , 10, the arteries rising from the summit of the aortic 
arch (Allen Thomson ) 

lymph (pericardial fluid) to lubneate the two surfaces and enable 
them to ghde over each other smoothly during the movements of 
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the heait The piesenee of numerous elastic fibres m the epicardium 
enables it to follow without hindrance the changing shape of the 
heart itself, but the pauotal layei of the pericardium, sunounded 
as it is by a fibrous layer (fibrous pencardium), appears to be 
mextensiblo, and so limits the dilatation of the heart 

The Chambers of the Heart— The interior of the heart is 
divided by a longitudinal paitition into two muscular cavities, the 
right and left Each of these chambers is again subdivided trans- 
vezsely into an upper and a lower portion, called lespectively, 
auricle and ventricle, which fieely communicate one with the other, 
the aperture of communication, however, is guarded by valves, so 
disposed as to allow blood to pass freely from the auricle into the 
ventricle, but not m the opposite direction There are thus four 
cavities in the heart — the auricle and ventricle of one side being 
quite separate from those of the other (figs 60 and 61) 

Iho chambers of the heart are lined continuously by a thin 
membrane, the endocardium, which is continuous with the endothelial 
lining of the blood-vessels 

The right auricle is a thm-walled cavity, prolonged at one 
corner into a tongue-shaped portion, the right auricular appendix 
Into it open the superior and inferior venae cavae, or great veins, 
which convoy the blood from all parts of the body to the heart The 
opening of the inferior vena cava is protected and partly covered by 
a membrane called the Eustachian valve In the posterior wall of 
the amide is a slight depression called the fossa ovalis, where m 
the foetus theie was an opening between the auricles which per* 
mitted the blood to pass to the left side of the heart without passing 
through the lungs 

The right ventricle occupies the clnef part of the anterior 
surface of the heart It takes no part m the formation of the apex 
Blood enteis it from the right auricle by the tricuspid valve and 
leaves it by the pulmonary artery which is guarded by the pulmonar y 
valve 

The left auricle receives the blood from the lungs by four 
pulmonary veins and passes it on through the mitral valve to the 
left ventricle 

The left ventricle has a wall which m man is about three times 
as thick as that of the right ventricle since it has to pump the blood 
through the body generally The blood leaves by the aorta which is 
guarded by the aortic valve 

Valves. — The arrangement of the heart’s valves is such that the 
blood can pass only m one direction 

The tricuspid valve presents three principal cusps or subdivisions 
and the mitral or hcuspid valve has two such portions (6, fig 60) 
Each cusp is of triangular form Its base is continuous with the 
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bases of the neighbouring portions, and with them forms an annular 
membrane round the auriculo-ventricular opening, and is fixed to 
the tendmous rmg which encircles the orifice 

While the bases of the cusps of the valves are fixed to the 
tendinous lings, their borders are fastened by slender tendinous 
fibres, the choidce tendmece , to the papillary muscles which project 
from the internal surface of the walls of the ventucles (see 5, 
fig 60) 

The preceding description applies equally to both the initial and 
the tricuspid valve, but it should be added that the mitral is 
considerably thicker and stronger than the tricuspid, m accordance 
with the greater foice which it is called upon to resist 

The semilunar valves guard the orifices of the pulmonary artery 
and of the aorta They are nearly alike on the two sides of the 
heart , but the aortic valves are more strongly constructed than the 
pulmonary valves, m accordance with the greater pressure which 
they have to withstand Each valve consists of three parts which 
are of semilunar shape, the convex margin of each being attached to 
a fibrous rmg at the place of junction of the artery to the ventricle, 
and the concave or nearly straight border being free, so as to form 
a little pouch like a watch-pocket (7, fig 60) In the centre of 
the free edge of the pouch, which contains a fine cord of fibrous 
tissue, is a small fibious nodule, the corpus Arantn, and from this and 
from the attached border fine fibres extend into every part of the 
mid-substance of the valve, except a small lunated aiea just within 
the free edge, on each side of the corpus Arantn Here the valve is 
thinnest, and composed of little more than the endocardium Thus 
constructed and attached, the three semilunar pouches are placed 
side by side round the arterial on#ce of each ventricle, they are 
separated by the blood passing out of the ventricle, but immediately 
afterwards aie pressed together so as to prevent any return 
Opposite each of the semilunar cusps, both m the aoita and 
pulmonary artery, theie is a bulging outwards of the wall of the 
vessel these bulgmgs aie called the sinuses of Valsalva From two 
of these sinuses just behind the cusps open the coronary arteries 
which supply blood to the heart during its relaxed phase 

Course of the Circulation 

The blood is conveyed away from the left ventricle (as m the 
diagram, fig 8l) by the aorta to the arteries , and returned to the 
right auricle by the veins , the arteries and veins being continuous 
with each other at the far end by means of the capillaries 

From the right auricle the blood passes to the light ventricle, then 
by the pulmonary artery, which divides into two, one for each lung, 
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then through the pulmonary capillanes, and through the pulmonary 
veins (two fiom oiwth lung) to the left auncle From heie it passes 
into the loft vontnelo, which himus us hack to oui starting place 
The com] dote eneulation is thus made up o! two circuits the one 
ashoitei circuit fiom the light side of Iho heart to the lungs and 
hack again to the left side oi the hoait, the other and longer circuit 
from the left side of the hoait to all paits of the body°ancl back 
again to tho right sido The circulations thiough the lungs and 
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through tho Bystem genet ally aio lespectively named the Pulmonary 
and Systemic or faster and greater circulations It will be noticed 
also m the saute figuio that a portion of the stream of blood having 
been diverted once into the capillaries of the intestinal canal, and 
some other abdominal organs, and gathered up again into a single 
stream, is a second time divided m its passage through the liver, 
before it finally roaches the heart and completes a revolution This 
subordinate stream through the liver is called the Postal circulation 
A somewhat similat accessory circulation is that through the kidneys, 
called the Renal circulation The difference of colours m fig 61 
indicates roughly the difference between arterial and venous blood 
The blood is oxygenated m the lungs, and the formation of oxy- 
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haemoglobin gives to the blood a bright red colour This oxygenated 
or arterial blood (contained m the pulmonary veins, the left side of 
the heart, and systemic arteries) is in part reduced m the tissues, 
and the deoxygenated haemoglobin is darker m tint than the oxy- 
hsemoglobm , this venous blood passes by the systemic veins to the 
right side of the heart and thence by the pulmonary arteiy to the 
lungs, where it once more receives a fiesh supply of oxygen 

It should, however, be noted that the lungs, like the rest of the body, are 
also supplied with arterial blood, which reaches them by the bronchial arteries 

The Histology of the Vessels 

The Arteries — The arterial system begins at the left ventricle 
m a smgle large trunk, the aorta, which almost immediately after 

its origin gives off the two coronary 
arteries which supply the heart wall 
and thereafter gives off branches 
to every part of the body The 
arterial branches wherever given 
off divide and subdivide, until the 
calibre of each subdivision becomes 
veiy minute, and these minute 
vessels or arterioles lead into capil- 
laries The sum of the sectional 
aieas of the branches of an artery 
generally exceeds that of the parent 
trunk, and as the distance from 
the origin is increased, the area of 
the combined branches is increased 
also After death, laige arteries 
being thick walled cannot collapse 
completely like the veins, and are 
empty If was to this fact that 
their name was given them, as 
the ancients believed they con- 
veyed air to the various parts of 
the body 

Structure — The arterial wall is composed of the following 
coats — 

(a) The external coat or tunica adventitia (fig 62, a), the stiongest 
part of the wall of the artery, is formed of areolar tissue, with 
which is mingled throughout a network of elastic fibres At the 
inner part of this outer coat the elastic network forms, m some 
arteries, so distinct a layer as to be sometimes called the external 
elastic coat (fig 62, e) 



Fig 62 —Transverse section through a 
large branch of the inferior mesent6ric 
artery of a pig e, Endothelial mem 
brane , tunica elastica mterna, no 
subendothelial layer is seen , m, mus 
cular tunica media, containing only a 
few wavy elastic fibres , e, e, tunica 
elastica externa, dividing the media 
from the connective tissue adventitia, 
a (Klein and Noble Smith ) x 860 
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(6) The middle coat (fig 62, m) is composed of both muscle 
and elastic fibres, with a ccitam proportion of areolar tissue In 
the larger ai tones (fig 62) its thickness is comparatively as well as 
absolutely much greater than in the small ones, it constitutes the 
greater part of the arterial wall The muscle- fibres are unstriped, 
and are arranged for Urn most part transveisely to the long axis 
of the artery, while the elastic element, taking also a transverse 
direction, is disposed m the foim of closely interwoven and 
branching fibres, winch intersect m all parts the layers of muscle- 
fibres Tn arteries of vauous sizes thoie is a difference in the 
proportion of the muscular and elastic element, elastic tissue pre- 
ponderating m the largest ai tones, and unstriped muscle in those 
of medium and small size 

(c) The internal rout is formed by a layer of elastic tissue Its 
inner surface is hired with a delicate layer of elongated endothelial 
cells (fig 62, c), which make it smooth, so that the blood may flow 
with the smallest possible amount of resistance from friction 
Immediately external to the endothelial lining of the artery is fine 
connective tissue (,s abend othehal layer) with blanched corpuscles 
Thus the internal coat consists of three parts (a) an endothelial 
lining, ( h ) the subenclothehal layer, and ( 0 ) an elastic fenestrated 
layer 

Vam Vusoruw - — The walls of the arteries aie, like other parts 
of the body, supplied with little arteries, ending m capillaries and 
veins, which, branching throughout the external coat, extend for 
some distance into the middle, but do not reach the internal coat 
These nutrient vessels are called rasa vasorum 

Nerrm — Most of the arteries are suriounded by a plexus of 
sympathetic nerves, which terminate m a plexus between the 
muscle-fibres 

The Veins, — The venous system begins m small vessels which 
are slightly larger than the capillaries from which they spring 
These vessels are gathered up into laiger and larger trunks until 
they terminate (as regaids the systemic circulation) m the two vense 
cavm and the coronary veins, which enter the right auricle, and (as 
regards the pulmonary circulation) in four pulmonary veins, which 
enter the left auricle The total capacity of the veins diminishes as 
they approach the heart, hut, as a rule, their capacity is two 01 
three times that of the corresponding arteries The pulmonary 
veins, however, are an exception to tins rule, as they do not exceed 
the pulmonary arteries m capacity 

Structure — In struetme the coats of veins bear a general 
resemblance to those of arteries (fig 63) Thus, they possess outer, 
middle, and internal coats 

(a) The outer coat is constructed of areolar tissue like that of 
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the arteries, but it is thicker In some veins it contains muscle- 
fibres, which are arranged longitudinally 

(J) The middle coat is considerably thinner than that of the 
artenes, it contains cncular unstriped muscle-fibres, mingled with 

a few elastic fibres and a large 
proportion of white fibrous tissue 
In the large veins, near the heart, 
namely, the vence cavce and pulmonary 
veins, the middle coat is replaced, 
for some distance from the heait, by 
circularly arranged striped muscle- 
fibres, continuous with those of the 
auricles The veins of bones and of 
the central nervous system and its 
membranes have no musculai tissue 
(c) The internal coat of veins has 
a very than fenestrated membrane, 
which may be absent m the smaller 
veins The endothelium is made up 
of cells elongated m the direction of 
the vessel, but wider than m the 
arteries 

Valves — One mam distinction 
between artenes and veins is the 
presence of valves m the latter 
vessels The general construction of 
these valves is similar to that of the 
semilunar valves of the aorta and 
pulmonary artery, already described, 
but their free margins are turned m 
the opposite direction, le, towards 
the heart, so as to prevent any move- 
ment of blood backward They are 
commonly placed m pans, at various 
distances m different veins, but 
almost uniformly m each (fig 64) 
In the smallei veins single valves 
are often met with, and three or 
four are sometimes placed together, 
or near one another, m the largest veins, such as the subclavian, at 
their junction with the jugular veins They are composed of an 
outgrowth of the subendothelial tissue covered with endothelium 
Their situation in the superficial veins of the forearm is readily 
discovered by pressing along their surface, m the direction opposite 
to the venous current, le from the elbow towaids the wrist, little 


Fig 68 —Transverse section through a 
small artery and vein of the mucous 
membrane of a child s epiglottis , the 
artery is thick walled and the \ em thm 
walled a Artery, the letter is placed 
m the lumen of the vessel e, Endo 
thelial cells with nuclei clearly visible , 
these cells appear very thick from the 
contracted state of the vessel Outside 
them a double wavy line marks the 
elastic layer of the tunica intima m 
Tunica media, consisting of unstriped 
muscle fibres circularly arranged , their 
nuclei are well seen a, Part of the 
tunica adventitia showing bundles of 
connective tissue fibre m section, with 
the circular nuclei of the connective 
tissue corpuscles This coat gradually 
merges into the surrounding connects e 
tissue v In the lumen of the \em 
The other letters aie used as m the 
artery The muscular coat of the vein 
( m ) is seen to be much thinner than 
that of the artery x 850 (Klein 
and Noble Smith ) 
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swellings appear in the position of each pair of valves These 
swellings at once disappear when the pressure is removed 

Valves aio not equally numerous m all veins, and m many they 
are absent altogether They are most numerous m the veins of the 
extremities, and mom so m those of the leg than the arm They are 



t in (11 —Diagram Hhowing part of a vnin 
laid upon and spread out, with two 
pairs of valves 



I’ 10 00 — A, Vein with valves opon 
B, with valves closed, with balloon 
mg of the vein above 


commonly absent in veins of less than a line m diameter, and, as a 
general rule, there ate few or none m those which are not subject to 
museulai pleasure This fact is of consideiable physiological import- 
ance, since the compression of the veins by the muscles is an 
important factor in assisting the leturn of blood to the heart 

The Capillaries — In most cases the blood finds its way from the 
small arteries to the small veins through a network of minute 



Ficl CO —Diagram of capillary showing the nucleated endothelium of which it is composed and two 
' llougot cells (After Klein, Noble Smith, and Vimtrup ) 

cylmdncal vessels called capillaries But m certain cases (para- 
thyxoid, spleen, the thyroid of some animals, erectile tissue, the 
placenta, and the embryonic liver and kidney) the connectmg systems 
of vessels are larger and have an irregulai shape , these vessels are 
termed sinusoids 
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The walls of both capillaries and sinusoids are composed of 
endothelium — a single layer of elongated flattened and nucleated 
cells, so joined and dovetailed together as to form a continuous 
transparent membrane (fig 66) At intervals along the capillaries lie 
the so-called Eouget cells which send out fine piocesses which closely 
embrace the endothelial membrane They have been likened to a 
thmly-spiead layer of the muscular coat of the larger vessels, and it 
is claimed that by then contraction and relaxation the lumen of the 
capillaries may be diminished or mcreased , the endothelium has been 
described as wrinkled beneath the contracted Eouget cells Theie 



Fig 67 —Network of capillary 
vessels of the air cells of the 
horse s lung magnified a, 
Capillaries proceeding from 
1, terminal branches of the 
pulmonary artery (Frey ) 



Fig 6S —Injected capil 
lary vessels of muscle 
seen with a low mag 
nifymg pow er 

(Sharpey ) 


is, however, evidence that the cells of the capillaries can contract 
independently of the Eouget cells Clark has shown that if the 
development of a tadpole is delayed by chloretone, the contractility 
of the capillaries may be seen before the Eouget cells develop This 
power of contractility renders many capillaries invisible, so that if a 
piece of tissue is observed under the microscope capillaries are seen 
to appeal and disappear 

The diameter of the capillary vessels varies slightly m the 
different tissues of the body, the most common size being about 
• ^ifW th of an inch (12^) 

The form of the capillary network and the size of the individual 
capillaries vary considerably in different parts of the body 

It may be held as a general rule, that the more active the 
functions of an organ are, the more vascular it is Hence the 
narrowness of the interspaces m all glandular organs, m mucous 
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membranes, and m gi owing parts, and their much gi eater width m 
bones, ligaments, and othei comparatively inactive tissues 

Arterio-Venous Anastomosis — In some regions the artenoles 
and venules communicate dnectly, for example m the ear of the 
labbit The function of these anastomoses appears to be to allow 
hot blood to pass fieely thiough the pait foi purposes of cooling 
(Grant) 

Collateral Circulation 

When the mam artery 01 vein of a part of the body is occluded, 
collateral circulations rapidly open up and quite small vessels may 
enlarge and take over the function of the larger vessels This is 
possible because of the free anastomosis of aitenes and of veins, 
but the exact stimulus which determines the enlargement is not 
known 
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THE CIRCULATION 

Previous to the time oi Haivey (1628), the vaguest notions pre- 
vailed 1 egardmg the use and movements of the blood The arteries weie 
supposed by some to contain an, by others to contain a more subtle 
essence called animal spmts , the animal spirits were supposed to 
start ftom the ventncles of the brain, and they were controlled by 
the soul which was situated m the pineal gland How the animal 
spirits got into the aitenes was an anatomical detail winch was 
supplied by the imagination 

There was an idea that the blood was subject to a to-and-fro 
movement which was confined to the veins The proofs that the 
movement is m a circle were discovered by William Harvey, to 
whom also belongs the credit of pointing out the methods by which 
almost every physiological problem must be studied In the first 
place theie must be correct anatomical knowledge, and in the second 
there must be experiment, by which deductions from structure can 
be tested , tins second method is the more important of the two 
Harvey’s work on the cuculation fulfilled both these requirements 
The structural or anatomical facts on which he relied were — 

1 The existence of two distinct sets of tubes in connection with 
the heart the arteries and the veins 

2 The existence m the heart and also m the veins, of valves 
which allow the passage of the blood m one direction only 

His experimental findings were — 

3 That the blood spurts with great force and m a jerky maimer 
from an aitery opened during life, each jerk corresponding with a 
beat of the heart 

4 That if the large veins near 4he heart are tied, the heart 
becomes pale, flaccid, and bloodless, and on removal of the ligature 
blood again flows into the heart 

5 If the aorta is tied, the heart becomes distended with blood, 
and cannot empty itself until the ligature is removed 

6 The preceding experiments wereperfoimed on animals, but by 
the following experiment he showed that the circulation is a fact m 
man also , if a ligatuie is drawn tightly round a limb to compress 
the artery to the part no blood can enter it, and it becomes pale 
and cold If the ligature is xeiaxed so that only the veins are 
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compiessed blood can entei but cannot leave and the limb becomes 
swollen If the ligature is 1 ©moved, the limb soon regains its normal 

appearance . 

7 Harvey also measuied the amount of blood which the heait 
could hold and the total amount m the body He leasoned that m 
01 dei to make it possible foi the heait to pump out such an amount 
at each beat the same blood must be used ovei and ovei again 

8 If an aitery is wounded, haemorrhage may be stopped by 
pressure applied between the heart and the wound, but if the wound 
is m a vein, the piessure must be applied beyond the seat of injury 

Since Haivey’s time many other proofs have accumulated For 
instance — 

9 Perhaps the most satisfactory proof of the cnculation is one 
now within the reach of every student, though beyond that of Harvey 
It consists m actually seeing the passage of the blood from small 
arteries through capillaries into vems in the transpaient parts of 
animals, such as the tail of a tadpole or the web of a frog's foot 
Harvey could not follow this part of the circulation, for he had no 
lenses sufficiently powerful to enable him to see it Harvey's idea 
of the circulation here was that the arteries carried the blood to the 
tissues, which he considered to be of the nature of a sponge, and the 
veins collected the blood again, much m the same way as diamage 
pipes would collect the water of a swamp The discovery that the 
ends of the arteries are connected to the beginnings of veins by a 
definite system of small tubes we now call capillaries, was made 
by Malpighi, in the year 1661 He first observed them m the lung of 

the frog, and Leeuwenhoek, seven yeais later, 

C saw the circulation in the tail of a tadpole 

\ The Principle of the Circulation — 

\\ The simplest possible way m which we can 
\\ represent the circulatory system is shown m 
|]j fig 69 Suppose we had a ring of tubing 
rj I with a bulb (H) which could be compiessed 
V/ by hand If the apparatus weie filled with 
Hy fluid and the bulb compressed theie would 
be a to-and-fro movement of the fluid The 
^ presence of valves, however, which permit 

FlG 69 “cS^ p iat“n delofthe the flow m one direction only would convert 
the flow into a circulation as illustrated m 


the figure If the contraction and relaxation of the bulb which 
conesponds to the heart were repeated often enough the fluid would 
move round and round within the tubular ring 

The mam factor m the circulation is difference of pressure In 
general terms fluid flows from points of high pressure to those of 
lower pressure This difference of piessure is produced m the first 
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instance by the contraction of the heart, but we shall find in our 
study of the vessels that some of this piessuie is stored up m the 
elastic arterial walls, and keeps up the circulation during the periods 
when the heart is lestmg 

In worms, the circulatoiy system is almost as simple as m the 
model just described, the heart is a long contractile tube provided 
with valves, along which a wave of contraction passes and presses 
the blood forwaids into the aorta at its antenoi end, this divides 
mto arteries for the supply of the body, the blood passes through 



Fia 70 — Thejheart of a frog (Rana esculenta) 
from the front V, ventricle, Ad, right 
auricle, As, left auricle, B, bulbus arteri 
oaus, dividing into right and left aortee 
(Eckor ) 



q 71 _Diagram of frog heart 
V = ventricle, A = auricle, 
y — sinus, C A — conus 
arteriosus from which the 
aorta originates Between 
the sinus and the auricle the 
smo auricular junction is 
indicated by the dotted line 


these to capillaries, and is collected by veins which converge to one 
or two mam trunks that enter the heart at its posterior end 

In fishes the heart is divided into a number of chambers placed 
m single file, one m front of the other 

Taking the frog as an instance of an amphibian, we find the 
heart more complex, and the simple action of the heart In ' usc ^ as 
we have described it m the hearts of worm and fish, is corre- 
spondingly modified There is only one ventricle, hut there are 
two auricles, right and left 

The ventricle contains mixed blood, smee it receives arterial 
blood from the left auricle (which is the smaller of the two), and 
venous blood from the right auricle , the right auricle receives the 
venous blood from the sinus, which m turn receives it troni the 
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systemic veins The left auricle, as m man, leceives the blood from 
the pulmonary veins 

When the ventricle contracts, it forces the blood onwaid into 
the aortic bulb which divides into branches on each side for the 
supply of the head (fig 70, 1), lungs and skin (fig 70, 3), and the 
third branch (fig 70, 2), unites with its fellow of the opposite side 
to form the thoracic aorta for the supply of the rest of the body 

In reptiles, the division of the ventricle into two is beginning, 
but it is not complete till we reach the birds The heart reaches 
its fullest development in mammals, and we have already described 
the h uman as an example of the mammalian heart The sinus is 
not present as a distinct chamber m the mammalian heart (except 
m a very early foetal stage), but is represented by that portion of the 
right auricle at which the large veins enter 
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CHAPTER XII 


PHYSIOLOGY OF THE HEART 

The Cardiac Cycle 

The senes of changes which occurs m the heait constitutes the 
cardntr eyrie Tins must be distinguished from the course of the 
on dilation The term “cycle” indicates that if one obseives the 
heart at any particular moment, the heart from that moment 
onwards undergoes ceitam changes until it once more assumes 
the same condition that it had at the moment when the obser- 
vation commenced, when the cycle is again repeated, and so 
on This senes of changes consists of alternate contraction and 
iclavation Contraction is known as systole, and relaxation as 
diastole. 

The contraction of the two auricles takes place simultaneously, 
and constitutes the auricular systole , this is followed by the simul- 
taneous contraction of the two ventricles, ventricular systole , after 
each systole the auricles and ventncles relax or go into diastole 
m the same order The auricular diastole begins before ventricular 
systole is over and is followed by ventricular diastole The cycle 
again commences with the auricular systole 

Taking 72 as an average number of heart-beats per minute, each 
cycle will occupy dj of a minute, or a little moie than 0 8 of a 
second This may be approximately distubuted m the following 
way — 

Auricular systole about 0 05 + Auricular diastole 0 75 = 0 S 

Ventricular systole „ 0 3+ Ventricular diastole 05 =08 

If the speed of the heart is quickened, the time occupied by 
each cycle is diminished, but the diminution affects chiefly the 
diastole Theso different parts of the cycle must next be studied in 
detail 

Auricular Diastole — During this time, the blood from the large 
veins is flowing into the auricles, the pressure in the veins though 
very low being greater than that in the empty auricles The blood 
expands the auricles As soon, however, as the auriculo-ventnculai 
valves open the blood passes through into the ventricles 

These valves open as soon as the piessure m the auricles becomes 
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greater than that in the ventricles, that is at the beginning of 
ventricular diastole 

The dilatation of the auricles is assisted by the negative pressure m the thorax 
The lungs being in a closed cavity, the thorax, and being distended with air, are 
m virtue of their elasticity always tending to recoil and squeeze the air out of their 
interior, in so doing they drag upon any other organ with which their surface 
is m contact this elastic traction will be greatest when the lungs are most 
distended, that is during inspiration, and will be more felt by the thm-walled 
auricles than by the thick-walled ventricles of the heart 

Auricular Systole — By contracting, the auricles empty them- 
selves into the ventricles which are already full The contraction 
commences at the entrance of the great veins, and is thence pro- 
pagated towards the auriculo-ventncular opening Regurgitation 
into the veins is prevented, not by valves, but by the contraction 
of the muscle around the venous inlets 

Ventricular Diastole — During the last part of the auricular diastole 
and the whole of the aunculai systole, the ventricles are relaxed 
and then filled with blood The dilatation of the ventricles is 
brought about m virtue of their elasticity and by the pressure 
of the venous blood 

Ventricular Systole — This is the contraction of the ventricles, 
and it occupies more time than the auricular systole , when 
it occurs the auriculo-ventncular valves are closed and prevent 
regurgitation into the auricles, and when the force of the systole is 
great enough, the pressure within the ventricles exceeds that m the 
large arteries which originate from them , the semilunar valves are 
opened, and the ventricles empty themselves, the left into the aorta, 
the right mto the pulmonary artery 

Action of the Valves and Pilling of the Heart 

1 The ventricles are filled by the pressure of the blood m the 
veins and the fluid ejected from the auricles durmg their systole 
causes slight additional distension of the ventricles 

The auricles are therefore to be looked upon as accessory to 
ventricular filling but not essential In cardiac disease, e g 
auricular fibrillation, the auricles cease to act normally and ven- 
tricular filling depends solely on venous pressure The aunculo - 
ventricular valves are gradually brought into place by eddies and by 
blood gettmg behind the cusps and lifting them up, by the time 
diastole is complete, the valves are m apposition, and are firmly 
closed by the pressuie set up by the systole of the ventricles 
The diminution m the size of the auriculo-ventncular rings which 
occurs durmg systole, renders the auriculo-ventncular valves com- 
petent to close the openings between the auricles and ventricles 
The margins of the cusps of the valves are still more secured in 
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apposition with one another, by the simultaneous conti action of the 
museuli papillares, whose chordae tendinese have a special mode of 
attachment for this object The cusps of the auriculo-ventncular 
valves meet not by then edges only, but also by the opposed surfaces 
of their thin outer borders 

The contraction of the papillary muscles to the tip of which are 
attached the chordae tendmeae prevents the auriculo-ventncular valves 
being pressed back into the auricles when the ventricles contract 

2 The Semilunar Valves — The first result of the contraction of 
the ventricles is the closure of the auriculo-ventncular valves, and 
as soon as this has been effected the intraventricular pressure begins 
to rise It quickly reaches a point at which it equals the aortic 
pressure, and then exceeds it, and as soon as this piessure difference 
has been established the aortic valves are opened and blood flows 
from the ventricle into the aorta The valves are kept open as long 
as the intraventricular pressure exceeds the aortic As soon as the 
heart has emptied itself, the ventricle begms to relax The valves 
tend to fall mto position because of eddies set up by the outrushmg 
blood, and, as soon as the pressure m the ventricles falls below the 
pressure m the aorta, they are closed sharply 

Time Relations of the Events of the Cardiac Cycle 

These have been studied by investigating the changes m piessuie 
inside the heart (endocardiac pressure) and the changes m the 
volume of the oigan A tube or sound is passed into the part of 
the heart concerned Tor the right side of the heart it may be 
passed down the jugular vem 

Records may be taken by connectmg the sound to a manometer 
on the principle of Marey’s tambour but of stouter material (see fig 
78) The Hurthle or Gadd manometer has a moving membiane of 
thick rubber or metal respectively so that it responds rapidly In 
each instance the recording apparatus is connected to the sound by 
tubing filled with anticoagulant fluid as m recordmg blood-pressure 

By far the most accurate results, however, are obtained by 
connectmg the cardiac cavity by means of a tube with an optical 
recorder instead of a tambour beaung a lever Recoiders for 
the purpose were introduced by Trank, elaborated by Piper 
and more recently by Wiggers In this apparatus a small rubber 
membrane is stretched over the end of a tube with a flattened 
side On the membrane next the flattened side is attached a mirror 
from which a beam of light is reflected (fig 72) The movements 
of the beam aie recorded on a moving photographic film, as in the 
electrocardiograph The apparatus is standardised by attaching it to 
an ordinary LM u be mercury manometer and noting the extent of 

E 
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the movement of the beam when the pressure in the system is 
changed a known amount A recoicl taken by an optical recorder 
is shown m fig 72, and from such observations the following phases 
of the cardiac cycle have been determined by Piper and by Wiggers 
The actual times need not be committed to memory, but the causes 
of each change of piessuie should be noted 



Fig 72 —Modified Wiggers manometer — -A, glass tube with flattened side , B, rubber 
membrane stretched over end. of A , C, celluloid triangle cemented on to B , D, small 
mirror , E and F, incident and reflected rays respectively 

(1) Auricular systole 0 05 sec, diastole 0 75 

(2) Ventricular systole Total duration 0 33 to 0 23 sec according 
to the rate of the heart (i-iii m Fig 73) The penod between ii and 
III is known as systolic plateau 

During the first part of the systole the ventucle is a closed 
cavity and for this period Wiggers uses the term Isometnc Phase * 
In the second part blood is expelled into the aoita (Ejection Phase) 

(3) Ventricular diastole There are two distinct phases of 
ventucular diastole (m-l) In the first the ventucle does not fill 
and m the second the ventricle fills 

(a) Early diastole (m-iv), from the beginning of relaxation till 
closuie of aortic valves and during isometric relaxation m which 
the ventricle is again a closed cavity, ic before the aunculo- 
ventncular valves open 

(&) The remainder and most important part of diastole is divided 
into two phases (iv-v and v-vi) during which the inflow is rapid and 
slow respectively At the end of the slow phase (v-vi) the contiaction 
of the auricle occurs which hastens the last part of diastolic filling 
of the ventricle 

The total length of diastole varies veiy much accoidmg to the 
rate of the heait The important point, however, must be noted 

* So called because the ventricular muscle develops tension but has not 
shortened 
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that the mam filling of the heart occurs dui mg the fiist thud 
(iv-v) of diastole and that consequently a shortening of diastole 



Fxo 73 —Diagram showing superimposed ventricular pressure and volume records (modified 
from Wiggers) I II, period of isometric contraction , II III, period of ejection , III IV, 
early diastole , IV V, period of rapid inflow , V VI, period of slow inflow The volume 
record has been taken by means of a cardiometer (see fig 86) attached to an optical 
recoider Some similar records such as those taken by Piper show n between 

III and IV which corresponds to the closure of the aortic valves 1 • o indicate 

the radial and jugular pulses and the electro cardiogram 

which may occur between v and vi does not materially affect the 
total filling 

Intra-Auricular Pressure 

The clnef interest m this pressure lies m the fact that the changes 
which occui in the auricle aie similai to those which appear m a 
xecord of a venous pulse (p 172) except that m the auricular record 
the waves occur eailiei m the cardiac cycle The changes which take 
place aie discussed m relation to the venous pulse 

The actual piessuie m the amides is not normally m excess 
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of 5 mm Hg Tins indicates the enormous effect winch a leaky 
mitial valve must have since the systolic piessuie m the left 
ventricle varies commonly from about 120 during icst to about 
200 mm Hg during exercise The systolic piessuie in the light 
ventncle is about a quarter of that m the left 

The Sounds of the Heart 

When the ear is placed over the region of the heart, two sounds 
which follow m quick succession, and aie succeeded by a pause or 
period of silence may be heard at every beat of the heart The 
first or systohc sound is dull and prolonged, its commencement 
coincides with the impact of the heart against the chest wall, and 
it lasts during the greater part of the ventricular systole, it 
just precedes the pulse at the wrist The second oi diastolic sound 
is shorter and sharper, with a somewhat flapping chaiacter, it 
follows the end of ventricular systole, and is audible just aftei the 
radial pulse is felt The sounds are often compared to the syllables, 
lull — dup * 

Causes — First Sound — Two factors enter into the production of 
this sound the muscular contraction of the heart, and the closuie 
of the auriculo-ventncular valves The following facts are evidence 
that the muscular contractions are concerned (1) the sound 
resembles that produced by a contracting voluntary muscle , (2) the 
sound may be heard when the heart is empty, as m the excised 
heart With regard to (1) although the cardiac contraction is a 
twitch and that of voluntary muscle normally a tetanus, it must 
be borne in mind that unequal tension repeatedly set up m the 
intricately interlaced fibres of the ventricular wall would lead to 
the production of a sound It is important, however, to realise that 
even the valvular element in the sound depends on the muscular 
contraction, since the latter is indirectly responsibly for the closuic 
of the valves The loudness of the first sound is therefore to somo 
extent an indication of the fitness of the heart-muscle and its 
enfeeblement may indicate approaching heart failure, eg in fever 

The cause of the second sound is simpler and consists entirely 
of the vibration consequent on the sudden stretching of the semi- 
lunar valves when they are pressed down across the orifices of the 
aorta and pulmonary artery The influence of these valves m 
producing the sound was first demonstrated by Hope, who experi- 
mented with the hearts of calves In these experiments two delicate 
curved needles were inserted, one into the aorta, and another into 
the pulmonary artery, below the line of attachment of the semilunar 
valves, and, after being carried upwards about half an inch, were 
brought out again through the coats of the respective vessels, so 
that m each vessel one valve was included between the aitenal 
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walls and the wire Upon applying the stethoscope to the vessels, 
after such an operation, the second sound ceased to be audible 
Disease of these valves, when sufficient to interfere with their 
efficient action, also demonstrates the same fact by modifying the 
second sound or destioying its distinctness The dup becomes duff 
The contraction of the auricles is inaudible 
The first sound is heard most distinctly at the apex-beat m the 
fifth mterspace , the second sound is best heard over the second right 
costal cartilage — that is, the place where the aorta lies nearest to 
the surface The pulmonary and aoitic valves generally close simul- 
taneously In some cases, however, the aortic may close slightly 
before the pulmonary valves, giving rise to a “reduplicated second 
sound ” The pulmonary contribution to this sound is best heard over 
the second left costal caitilage 

The apex-beat m man is felt normally m the fifth left intercostal 
space three and a half inches from the middle line It is caused 
by two factors The heart becomes hard and tense and is therefore 
capable of causing an impulse against the chest-wall Its attach- 
ment to the aorta becomes more rigid, and when the aortic pressure 
suddenly rises during systole the aorta, tendmg to straighten out, 
causes the heart to press more firmly against the thoracic wall , the 
aorta cannot straighten to any extent in a backward direction 
because of the rigid vertebral column behind it 

When the left ventricle is enlarged the apex-beat may be 
displaced appreciably to the left 

Cardiographs 

A cardiograph is an instrument for obtaining a graphic record 
of the heart’s movements In animals the heart may be exposed, 



and levers connected to its various parts may be employed to 
write on a revolving blackened surface 

A simple instrument for the frog’s heart is shown m fig 74 
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The sternum of the pithed frog having been removed, the peri- 
cardium opened, and the fraenum (a small band from the back of 

the heart to the pericardium) divided, the 
heart is pulled through the opening, a 
minute hook placed m its apex, and this 
is fixed by a silk thread to a lever, as 
in the figure The cardiac wave of con- 
traction starts at the sinus, this is followed 
by the auricular systole, and that by the 
ventricular systole and pause This is 
recoidecl as in the next figuie (fig 75) by 
movements of the writing-point at the end 
of the long arm of the lever Such 
apparatus is, however, not applicable 
to the human heait, and all the vauous 
forms of cardiograph devised foi this 
purpose aie modifications of Marey’s 
tambouis 



Fig 75 —Cardiogram of frog’s 
heart C, showing auricular, 
followed hy ventricular beat, 
T, time m half seconds 


One (fig 76) consists of a cup-shaped metal box over the open front of which 
is stretched an elastic india-rubber membrane, upon which is fixed a small knob of 
hard wood or ivory This knob, however, may be attached, as in the figure, to 
the side of the box by means of a spring, and may be made to act upon a metal 
disc attached to the elastic membrane 


Tube to communicate 
with tambour 



Tambour Ivory Tape to attach the instru 
knob ment to the chest 

Fig 76 —Cardiograph (Sanderson’s ) 


The knob is for application to the chest-wall over the apex-beat The box or 
tambour communicates by means of an air-tight tube with the interior of a second 
tambour, in connection with which is a long and light lever The shock of the 
heart’s impulse being communicated to the ivory knob and through it to the first 
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tambour, the effect is at once transmitted by the column of air m the elastic tube 
to the interim of the second tambour (fig 78), also closed, and through the elastic 



Fig 77 — A modification of Marey’s tambour to which the movement of a column of air 
is conducted by a tube from another tambour or balloon Various arrangements aie 
seen by which thi writing lever may have its excursions modified or may be adjusted 
to the writing surface — a smolved paper on a re\olvmg c\lmder (M‘Dowall, by 
permission of Messrs Hawhsley ) 


T 



WP 


Fig 78 — D^ag^ams ot a recording tambour (after Marey) D, Drum covered with thm 
rubbei Ti and cariymg a level L with a fulcrum at F and a wilting point WP 
The tube T connects with the receiving tambour 


and movable lid of the latter to the lever, which is placed m connection with a 
registering apparatus The point of the lever writes upon the paper, and a tracing 
of the heart’s impulse or cardiogram is thus obtained 


The Cause of the Heart-Beat 

At one time, the lhythm which cardiac muscle exhibits was 
thought to be due to the action of the nerves which supply it We 
now know that the pioperty of rhythmical contraction resides in 
muscular tissue itself, though during life it is noimally controlled 
and regulated by its nerves This is expressed by saying that 
cardiac rhythm is myogenic not newogenic A few physiologists 
still mam tarn the older neurogenic theory, but the majonty of them 
have worked chiefly on the hearts of invertebrate animals, whose 
mechanism may be a different one The striking observation made 
by early observers that the heart, especially an amphibian heait, will 
continue to beat after its removal from the body, is not proof either 
way as such a heart still contains many nervous structures A 
mammalian heart will beat only for a few minutes outside the body 
unless supplied with blood or a substitute But so far as the 
vertebrate heart is concerned, the myogemc theory is now held, 
because (1) the foetal heart manifests rhythm long before any 
nerves reach it, (2) the apex of the ventricle of such animals as 
frogs and tortoises can be made to beat rhythmically by perfusmg it 
with suitable fluids under pressure, and this part of the heart has 
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it begins It must not, however, be thought that the wave of 
contraction is incapable of passing over the heart m any other 
direction than from the smus onwards , for it has been shown that 
by the application of appropriate stimuli at appropriate instants, 
the natural sequence of beats may be reversed, and the contraction 
starting at the arterial part of the ventricle may pass to the 
auricles and then to the smus If clamps or ligatures are not 
applied sufficiently tightly one often sees partial blocking , a few 
waves get through but not all, or, if the ventricular wall is left 
connected with other parts of the heart by only a small portion of 
undivided muscular tissue, the effect is much the same the wave is 
only able to pass the block every second or third beak 

In the well-known Stannms experiment a ligature is tied between 
the smus and the auricles, and causes the auricles and ventricle to 
stop beating since the impulse can no longer pass from the one to 
the other This is known as the Stannius heait A second ligature, 
however, between the auricles and ventricle causes the ventucle to 
recommence beating at its own slow rate The second ligature 
apparently acts as a mechanical stimulus by stretchmg the fibres, 
since a similar effect may be brought about by increasing the 
weight of the cardiogiaphic lever or by injecting fluid through the 
aorta (Michael Foster) Section has a similar stimulating effect 
Gaskell carried out similar experiments using a clamp instead of 
a fiist ligatuie 

In the mammal the foetal remnant of the smus is called the 
smo-auncular npde (Keith and Flack), and this acts as the pace- 
maker since its cells have a remarkable power of rhythmically dis- 
charging impulses It is situated m the upper pait of the sulcus 
termmalis near (m front) the entrance of the supenor vena cava 
If this part of the auncle is heated or cooled the heart-rate may 
be increased or decreased, but similar tieatment of other parts of 
the heart does not produce this effect It was indeed this fact 
which led to the discovery of the node That the excitation-wave 
commences at the smo-auncular node has been fully demonstrated 
by Lewis by means of the string galvanometer which records the 
current of action of the heait By placing electrodes on different 
paits of the heait he has shown that electrical change occurs first 
at the node * 

The starting-pomt m our knowledge of spread of the excitation- 
wave to the ventricle ip. the mammal, was 4he discoveiy by Stanley 
Kent of bands of muscular tissue passing across from auricles to 
ventricles The principal one was subsequently and independently 
rediscovered and fully described by His, and is known as the 
aunculo - ventricular bundle 01 bundle of His Some animals, 
especially when young, have relics of a right lateral bundle (Kent) 

E 2 
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The auiiculo-ventnculai bundle arises fiom the auiiculo-ventnculai 
node which is situated in the light amide just in fiout of the 
coronary sinus It runs foiwaid m the lowei pait of the mtoi- 
auiiculai septum to leach the memhianous poition of the intei - 
yentuculai septum behind the tucuspid valve, heie it couises 
along the uppei bordei of the musculai pait of the septum 
ventuculoium The bundle divides into two mam blanches, light 
and left, one for each ventricle, that foi the left penetrating the 
septum The mam blanches continue towards the apex, branching 
as they go, their ramifications are connected with the network 
of Purkmje fibres beneath the endocaidium, which network is m 
turn connected with the mam mass of ventncular muscle The 
nodes and bundle aie composed of modified muscle-fibies, mtei- 
mmgled with which are many non-medullated neive-fibres, and are 
enclosed m a connective tissue sheath, they receive blood by special 
arteries The bundle is particularly uch m glycogen There is no 
special strand connecting the smo-auncular and auriculo- ventricular 
nodes , the wave of excitation initiated m the former spreads from 
it through the auricular muscle until it reaches the latter 

The conclusion that the auriculo-ventrrcular bundle is the 
important link which propagates the rhythmic wave was reached 
first by experiments on annuals, and second, by observations m 
disease m man In animals, cutting through the bundle abolishes 
the ordinary sequence of cardiac events The auricles go on beating 
as a result of the stimulus of the node, but the ventricles beat at a 
slower rhythm The stimulus for the ventricle is partly the using 
venous piessure 

When the bundle is destroyed by disease m man there is a 
similar dissociation between the auricular and ventricular lhythm, 
the ventricles beating slowly and the auricles rapidly This condition 
is known as heart-block, and m the early stages of the disease 
may be incomplete, then one out of every two or three auricular 
waves gets over to the ventricle, just as they do m Gaskell's 
experiments on the frog's heart when the clamp is not sufficiently 
tight 

These observations throw a good deal of light on the propagation 
of the normal heart -wave The view generally held is that the 
wave starts m the smo-auncular node, and spreads thence to both 
auricles, it is picked up by the ventricular node of Twara and 
travels to the ventricles by the auriculo-ventnculai bundle, leaching 
first the papillary muscles, and thence the rest of the heait until 
it arrives at the apex, finally it returns to the base of the heait 
m the legion of the ongm of the pulmonary aitery, which is the 
lepiesentative of the bulbus aortse m the primitive heait 
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The Histology of Cardiac Muscle 

This has been fully descubed on page 18 The impoitant point 
to emphasise is the intimate connection of all cardiac muscle cells 
with each other This pioduces a syncytium which acts as a whole 

The Properties of Cardiac Muscle 

1 Rhythmicality is a fundamental property of the cells of 
caidiac muscle, and may be observed m a single cell when the 
cell has been grown outside the body m tissue cultuie (Cairel) 

2 The fact that the Stanmus heart is quiescent has enabled 
physiologists to study the piopeities of heait muscle When the 
heart has been stopped for a little while and is stimulated artificially 
it shows a staircase phenomenon, that is to say, with the same 
stiength of stimulus the first few contractions mciease m size 
This is the same as the “ warming up” effect seen m voluntary 



Fig 79 —Staircase from frog’s heart This was obtained from a Stanmus preparation , an induction 
shock being sent into it with every revolution of the cylinder (rapid late) The contractions 
became larger with every beat To be read from right to left 

muscle, but m the heart it is better marked It must not be 
confused with increased contraction m striped muscle due to 
mci eased stiength of stimulus 

3 The “ all or none ” phenomenon — By this is meant the fact 
that the amount of contraction does not vary with the stiength of 
the stimulus A stimulus stiong enough to pioduce a contraction 
causes a maximum contraction, because as we have seen the cells of 
caidiac muscle aie not separate like those of voluntary muscle, but 
are all linked together and act as a single muscle-fibre 

4 Refractory Period — The heart-muscle has along 'tefracto'ty 
penod, that is to say, after the application of a stimulus, a second 
stimulus will not cause a second contraction until after the lapse 
of a certain mteival The refractory period lasts as long as the 
contraction period and on this account the heart-muscle can never 
be thrown into complete tetanus by a series of stimulations The 
lefractoiy period can also be shown m a normally beating heait 
If the heart is stimulated durmg systole no change is obseived, but 
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if the stimulus is applied during diastole, an extra systole is pioduced 
If the normal stimulus from the auricle reaches the ventricle dunng 
this extia systole, it produces no effect and the heart appears to 
have missed a beat This is known as the compensatory pause 
(fig 80) Missed beats m man are commonly due to similai extia 
systoles which may be too small to be felt at the pulse but which 
may be heard by the stethoscope or demonstrated by the electro- 
cardiograph The beat following the extra systole may be unduly 
laige since the heart is filled with extia blood during the prolonged 
diastole 



Fio SO —Record of frog’s heart For convenience the points of stimulation (shown by numbois) are 
shown in consecutive heart beats, but this would scarcely be possible m an actual experiment 
(See text ) The normal stimulus of the sinus to the auricle is shown at A 


The importance of the refractory period becomes apparent when, 
for one reason or another, a source of stimulatron occurs in the 
heart in addition to the noimal sinus beat Whether oi not this 
extra stimulus will excite the heart depends on the excitability of 
the heart at the time such a stimulus arnves Sometimes such 
extia stimuli cause the auricle to contiact eithei at great speeds 
or very liregulaily These conditions are respectively known as 
auricular flutter and auricular fibrillation and are impoitant clinical 
conditions 


Auricular Flutter 

* Auricular flutter is a very rapid contraction of the auricle which depends on the 
properties of cardiac muscle 

If a ring (fig 81 A) of cardiac muscle is stimulated by an induction shock at a, 
the wave of excitation started there travels in the direction of the two arrows until 
they meet at b (B, C, D m figure), and when the two crests meet, the waves obliterate 
each other and the whole ring is m the contracted state (dark shading) While it 
is contracted it is irresponsive to a second stimulus (refractory period) It then 
recovers m the same order and direction as shown in E, F, G, H, until the whole 
ring is once more responsive as shown by the absence of shading If successive 
stimuli are applied, each one will elicit the same tram of events, provided the time 
between the stimuli is sufficiently long for recovery to take place If a second 
stimulus occurs when the nng is m the state F, a fresh wave may be propagated 
at a, before the response to the first stimulus has subsided at 6 In these circum- 
stances two waves will be moving through the rmg as shown in fig 82, I, J, K 
Suppose next that the successive stimuli are thrown in at smaller intervals, the 
second wave may start well enough at a, and travels at first freely m both directions 
as before, but if recovery m the two halves of the ring is different, m one half 
the wave reaches a point where the muscle is still refractory and so stops, but m 
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the other half complete recoveiy may have occuned, this wave will go on, and be 
able to get all the way round the ring, for by the time it arrives at the point which 
stopped the first wave, refractoriness will have disappeaied there , this single wave 
gets back to its starting-point, finds this muscle has also recovered and continues 
its course lound and round the ring, a wave which has no ending In this way the 
last stimulus of a series, the rate of which is caiefuliy controlled, will initiate not 



Fia si — Tlio ring experiment (After Lewis ) 


a single contraction but a series of contractions This is what is called mens 
movement , a wave of response which travels continuously through a re-entrant 
path of muscle It may in expenments last for hours The rate of auricular 
flutter m man, as it is called, may rise to 230 to 250 per minute In the more 
serious state of fibi illation the rate may be much greatei The value of the 
experimental circus i movement is that it enables one to investigate the meaning 
of circus movement m disease 

Flutter is due to continuously cnculating waves, with centrifugal offshoots into 
the rest of the cardiac tissue, and in man it has been seen to continue unceasingly 



Fig S2 —The ring experiment (After Lewis ) 


for many years In older that the wave may be continuous, and always find the 
muscle it enters in the responsive state, the duration of the refractory period at 
any given point must always be less than the time spent by the travelling wave m 
completing its circuit, and this time will depend on two othei factors, namely, the 
length of the circuit and the rate of travel Treatment of the condition of nutter 
consists m administrating a drug which slows the rate of conduction and increases 
the duration of the refractoiy phase so that the muscleihas not yet recovered its 
excitability by the time the excitation amves The drug which has so far been 
found most satisfactory is quimdme 
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Auoiculao Jib? illation is a grossly nregular niegulanty of the 
auricle arising fiom gross damage to the auricular muscle The 
auncle ceases to function and the ventricles aie filled solely as a 
result of the venous pressuie The auricular irregularity leads to 
gieat irregularity of the ventricles 

Ventnculai Jib? illation — This is incompatible with life and 
occurs commonly at the point of death In this condition the 
ventucle instead of contracting as a whole contracts and twitches 
irregularly m diffeient parts at the same time and ceases to act 
as a pump Fibrillation is the cause of sudden death fiom an 
electric current Immediate cardiac massage 01 the injection of 
calcium and potassium may bung about recoveiy m some instances 
if the damage is not too seveie 

The Electro-Cardiogram 

The muscular tissue of the heart gives rise on action to an 
electncal disturbance which is m all essential features the same 
as the diphasic variation we have already studied m connection 
with voluntary muscle The excised beating heart of a frog can 
be readily connected either to a galvanometer or an electrometer , 
a simple diphasic variation is recorded 

It is, however, possible (as Waller first demonstrated) to obtain 
an electro-caidiogram m man if the hands aie each placed m a 
basin of salt solution which is led off to an electiometei 

Since the heart-muscle is not a simple longitudinal strip like 
a sartonus there is great complexity in the electrical record of the 
intact oigan Thus Bayhss and Starling described m the mammalian 
heart a triphasic variation, which G-otch has shown to be explicable 
m the following way Leaving out of account complications due to 
auricular activity, he has shown that the contraction process m each 
ventricle and its electrical concomitant commence at that part of 
the base of the ventricle at which it is contmuous with its respective 
auncle , the contraction-wave travels to the apex and returns to the 
pait of the base from which the aorta on one side and the pulmonaiy 
arteiy on the other side arise An electrode placed on the base 
will therefore record the mcreased galvanometnc negativity at the 
beginning and at the end of the ventricular contraction , the electrode 
on the apex will record the middle phase when the contraction-wave 
leaches that point and causes an increase of galvanometnc negativity 
there 

Records are usually taken with the string galvanometer but an 
oscillometei may be used In electro-cardiography (fig 83) the 
electiodes consist of vessels of saline solution into which the hand 
01 foot is placed and m each of winch there is a zinc elec ti ode m a 
poious pot of zinc sulphate Such an electiode pievents polaiisation 
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(see p 4G) In clinical woik it is customaiy to take lecoids 
fiom tin oe difleiont soiuees or “leads” Lead I consists of the 
two hands, lead II of the light hand and left foot (axial lead), and 
lead III of the left hand and left foot The different leads fu rnis h 
information on the compaiative activity of the two sides of the heart 

From what has been said m relation to conduction in the heart, 
we are in a position to understand the causation of the individual 
waves The siye of each vanes considerably even m health, but m 
lieait disease the electio-caidiogiam shows very maiked differences 
fiom the noi mal 

The waves on the electro-caidiogiam aie explained as follows 
The wave P, due to auricular activity, is followed by a pause 



Fia S3 — Lloctro cardiogram obtained by photographing the mov ements of the thread of a string 
galvanometer The electrode were (onnected to two vessels of salt solution, m one of which 
the right hand of a man was plaf «d , this would lead off the base of the heart m the other his left 
foot was placed , this would 1< ad oil tho apex of the heart Waves upwards indicate that the base 
is gihanom tr^al lv negative to the apex, downward waves have the opposite meaning 
AS i\e 1’ accon pi m s auru ular systole, waves Q, R, S, and T occur during ventricular systole 
The timo tracing (T) shows tenths of a socond (After Bmthoven ) 
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before the waves which accompany ventucular systole occur During 
this pause it is supposed that the excitatory- wave is travelling along 
the auriculo-ventuculai bundle, the mass of which is too small to 
affect the galvanometer The lemammg waves accompany ventric- 
ular activity , the final wave T indicates the arrival of the contraction- 
wave at the base Different observers differ greatly m their 
interpretations of the waves Q, E, S 

According to Lewis, the excitation-wave starts m the septum 
of the ventricles, travels clown this to the apex, and from the latter 
up the lateral wall to the base Throughout this passage the 
electrical axis constantly changes, and it is this change which 
is responsible for the complexity of the electro-carchogram The 
deflection E represents the negativity of the lead fiom the right 
upper limb, this is produced not by activity of the base, but by 
the active process passing down the septum before there is activity 
either at apex or base , the deflection S is produced after the active 
change has finished m the septum and at the apex, that is to say, it 
is pioduced by activity at the base Yet this deflection S represents 
relative negativity of the lead fiom the left lower limb 
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An important feature of the electio-caidiogram is that it gives 
definite information legardmg the rate of the auricle compaied with 
that of the ventricle, and the time taken foi the impulse to pass 
down the auriculo-ventiicular bundle, as indicated by the PE 
interval The polygraph (see p 172) is used for a similar purpose 
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Fig 84 —Simultaneous electro cardiograph (lowost) and polygraph (upper two) records 
(From Flint s The Heart Old Views and JSew ) 

Frequency of the Heart’s Action 

The heart of a healthy adult at rest contracts 50 to 80 tunes 
m a minute, but many circumstances cause this rate to vaiy even 
m health The chief are age, temperament, sex, food and dunk, 
exercise, time of day, posture, atmospheric pressure, tempeiature 

In regard to other animals than man, it may be stated generally 
that the smaller the animal the moie rapid the heart-rate since the 
metabolic rate m such animals is much gi eater than m large animals 
(See Metabolism ) 

The frequency of the heart's action gradually diminishes from the 
commencement to near the end of life, thus — 

Before birth the average number About the seventh year from 90 to 85 

of pulsations per minute is 150 About the fourteenth 

Just after birth from 140 to 120 year 85 to 80 

During the first year „ 130 to 115 In adult age ’’ 80 to 70 

During the second year „ 115 to 100 In old age „ 70 to 60 
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In health there is a uniform relation between the frequency of the 
heart-beats and of the respirations , the piopoition being 1 respiration 
to 4 or 5 beats The same relation is generally maintained when 
the action of the heait is naturally accelerated, as aftei food oi 
exercise, but m disease this latio may be upset The late of the 
heait depends on the pace-maker, which, as we shall see later may 
vaiy its activity espci tally m relation to oxeicise 



Fio S', — Kuowlton Starling heart lung apparatus (after Hemingway) AO, arterial cannula, 

E, air chamber, to give elasticity, H, heating apparatus, O, outlet for determination 
of output (when determining output this clip is opened for a given time and outlet to 
\ on on fl reservoir dosed), p } to pi ossure bottle, R, peripheral resistance (dotted line 
shows position (luring increased r(sistauco), VO, venous Lannula, VR, venous reservoir, 

VP, manometoi to m oid venous pressure (regulated by screw clip on tube from reservoir) , 

AP, manometer to iu ord artoii il prossme 

The Output of the Heart 

It is evident that the output of the heait is of the utmost nnpoit- 
anee m maintaining the circulation Since the output of the heart 
indicates the late of the circulation and is piesumably determined 
by the needs of the body m relation to the supply of oxygen, its 
estimation, if a convenient and trustwoithy means could be found 
suitable for man, might be of value m detei mining not only the 
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needs but also the adaptation of the cn dilation m pathological 
conditions 

Several methods for the investigation of the caidiac output of 
animals have been devised, but m actual practice only a few have 
been generally retained 

The Heai t~Lung Pi e^pai ation (Knowlton and Starling) — This 
method consists essentially of cutting out the systemic cnculation by 
joining a blanch of the aorta to the supenoi vena cava, all the othei 
systemic arteries and veins being tied off In this way all possible 
vanables outside the heart may be accuiately conti oiled In ordei 




Fig 86 — Cardiometer— composed of piston recorder (Ellis) and heart chamber The 
chamber is made of glass One opening leads to the recorder uid the In ait m insort< d into 
the other In somefoims the latter has a thin T VVf ' 1 * 1 *'_* r r which has a hole in the 
centre and which fits accurately lound the base c 1 m other terms the In ait 

tits into a thin rubber sheath (as shown) which does irr, edi its action for longei 
records the rubber is perforated at the apex and tl e chambi r has an inferior opening by 
which pericardial fluid may be drained away (Hemingway) 


to prevent the blood flowing with abnormal freedom from the arteiy 
to the vein and to maintain a pressuie m the system {nee Illood- 
Pressure), an artificial variable resistance m the form of a readily 
compressible tube is introduced, while elasticity is also given to the 
artificial system — to simulate natural conditions The output of the 
heart may readily be measured by allowing the blood to collect for 
a measured period of time in a cylinder beyond the resistance A 
diagram of the apparatus is shown m fig 85 

The value of this method lies m the fact that the filling of 
the heart and the peripheral resistance can be conti oiled It gives 
therefore valuable mfoimation regarding the heart isolated from the 
rest of the body 
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Via b" —A leoord showing the oflect of the venous pressure on the output of the heart A raising 
of the vinous pressure causes a marked increase in the output per heat and per minute 
(Sen xt ) Tim upper tradmt is a uiidionietei maul, tlio lower a recoid of venous pressure 
in a hunt lung pioparation (by Hemingway) To study the rate of change in the heart 
\ illume dm nig a Hinglt heat an optical lecoid is necessary 

Cm d'Lorneicr Method — Tn the intact circulation the method which 
is adopted is that introduccdiby Roy The heart is placed m 
an air-tight chambei connected with^a piston recorder (fig 86) 
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During diastole the heart takes up more space and a conespondmg 
amount of air is dnven into the recorder The recorder is standardised 
subsequently by running fluid into it from a burette and a measure 
is thereby obtained of the output per beat By counting the beats 
and multiplying the number by the output per beat we find the 
output per minute (fig 87) 

The method is of special value m ascertaining whether or not 
a change m arterial pressure, say, due to a drug, is duo to a change 
m the output of the heart 

In this way it can be demonstrated that the output of the heart 
depends primarily on the venous inflow, ie the amount of blood 
entering the heart m diastole, and that, quite apait from changes 
m rate, the heart is able to vary its output and the woik it does 
according to requirements This it does m vntue of the fact 
that the greater the initial length of the fibres, le the greatei 
the filling, the more forcible their con ti action This has been 
called by Starling the Law of the Heart, but it is applicable to 
muscle generally 

A use m blood-pressure within normal limits caused by increasing 
the resistance (R m fig 85) makes no difference to the output except 
for a few beats At first the heart fails to dnve out its contents 
adequately, but if the venous inflow is maintained this is added to 
the retained blood to distend the ventricles which consequently 
contract more forcibly and overcome the resistance This is an 
important provision m the mechanism of the heait since there is 
an increased resistance during exercise when it is impoitant that 
the output should be maintained or increased 

The rate of the heart makes no difference to the output if the 
venous inflow is low , but if this is reasonably high, as it usually is 
m the body, a change m the rate modifies the output The reason 
for this is as follows The heart increases its rate by shortening 
diastole, but it is evident that such shortening may have the effect 
of decreasmg the time for filling When the venous inflow is low, 
or the heart-rate very fast this is actually so, with the result that, 
although there may be an increased number of beats, the output pei 
beat may be diminished and the output per minute may therefore 
be unchanged or even reduced On the other hand, when the venous 
inflow is of normal amount, the heart fills m the early part of 
diastole and a shortening of the latter does not therefore seuously 
affect the filling per beat Since the output per beat is unchanged, 
an increased rate inci eases the output per minute These facts may 
readily be demonstrated m an animal If the blood-pressure is 
recorded and the rate of the heart varied by heating the pace-maker, 
a rise of blood-pressure results On the other hand, if the animal 
is bled sufficiently (a procedure which, for reasons desenbed latei, 
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loweis tlio venous piessmA\ 

no diffeience to the blood-mPQ«i ^ vaiiatlon °f the heart-iate makes 
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will clopoiul on tho venonc __1 C 1S evident that the venous inflow 
In man it is obvious th a f- U ^‘ n l lls , ls discussed later 
unfoitunately, no convpmnni + Su ? b me thods cannot be used and, 
Probably the method of Do lus f worthy method is yet available 
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normally about 4 c c m Li 1 ° f aiteiial Wood The difference, 
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it may be increased fa 0/ 5® s per rQ111 ute ; but in severe exercise 

it output of tho heart it is obvious must, other factors being 
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equal, depend on the efficiency of the heart as a musculai 
pump 

The power of the heart to increase its output is called the cardiac 
reserve, and is of considerable clinical importance It is appreci- 
ably reduced m cardiac disease because some of the reseive is utilised 
m overcoming the pathological defect, eg disease of a valve, 01 of the 
cardiac muscle, less is therefoie available for exeicise and symptoms 
of cardiac impairment, e g breathlessness on slight effort, are pioduced 
In seveie cases all the reseive is used up and exercise is impossible 
In less seveie cases the amount of exercise which can be done 
without discomfort is a measure of the cardiac efficiency 

In addition to this immediate power of adapting itself to lequne- 
ments, the heait, like any other muscle, undergoes considerable 
hypertrophy (increase of musculai substance) if increased work is 
done for a considerable time This is of great importance in practical 
medicine, since m valvular disease of the heait, when a valve is 
leaking 01 obstructed, the efficiency of the heart depends on its powei 
to compensate m this way 

In conclusion, it may be pointed out that the nieie determination 
of the output of the heart gives very little exact information legal ding 
the cause of any change m blood-pressure such as might be produced 
by a drug, as the output depends on two factors, the venous idling 
and the cardiac efficiency, each of which may vaiy independently 


The Pericardium 

This we have seen is a sac enclosing the heart Its obvious 
function is to pi event over-distension of the heait, loi it will be 
evident that if filled beyond a certain limit the fibres will act at 
less mechanical advantages , but since it has been found, post-mortem, 
that the pericardium may have been absent or seriously ruptured 
without serious symptoms before death, it has been suggested that 
its function is to prevent the heart from changing its position with 
changes m posture It has been shown by Biljsma, however, that 
the pericardium plays an important pait m limiting the size of the 
heait and m preventing it from being over-chstended m exercise 
He has shown that the response to increased filling is diminished 
if the pericardium is lemoved 

When the cardiac valves are diseased and the heart becomes 
enlaiged the pericardium necessarily enlarges also The hyper- 
trophied cardiac muscle if healthy continues to be capable of driving 
out the contents of the ventricles m spite of the failure of the 
valves — provided this is not too great and time is allowed foi the 
muscle to adapt itself to the extra work 
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Work and Gaseous Exchanges of the Heart 

The heart's woxk consists in discharging blood against pressuie 
and m imparting velocity to it The formei will clearly depend 
on the output of the heart and on the vanous factors which influence 
blood-pressure, the latter on the blood-pressure Without going into 
the somewhat elaboiate calculations obtained fiom these and other 
data, it will 1)6 sufficient to say that T V of the total energy of the 
heart is used m imparting velocity to the blood, but when the blood 
zeaches the aoita the velocity is so checked that the kinetic energy 
of the blood in the aorta is only about ¥ of the total imparted by 
the hcait 

It will be obsoived that the woik done by the light side of the 
heait is veiy much less than that done by the left, but when there 
is disease of the initial valve the two may be moie alike and the 
light ventiiclo is mci eased m size 

On the woik of the heait depends its gaseous exchange 
Gaseous Exchanges m the Heait — ^ The using up of oxygen by 
the living heart was well illustrated by an old expenment of Yeo's 
He passed a weak solution of oxyhsemoglobm through the excised 
beating heart of a fiog, and found that after it had passed through 
the heait, the solution became less oxygenated and venous m colour 
This is still better shown by the following figures, obtained by 
Baicioft and Dixon who estimated the gases m the blood entermg 
and leaving the coionaiy vessels of a cat It will be seen that the 
metabolism m the heait tissue is reduced duung vagus mhibition, 
this is followed by mci eased metabolism duung the subsequent 
pei rod, which conesponds to the increase of visible activity which 
then occurs 


* 

Normal Heart 

During Vagus 
Inhibition 

After Vagus 
Inhibition 

Oxygen used up per minute 

0 21 cc 

0 13 c c 

0 34 c c 

Carbonic acid given out per minute 

0 45 c c 

0 07 c c 

0 22 c c 


It is possible by studying its gaseous exchange to arrive at an 
idea of the efficiency of the heart This has been done by Evans 
on the heart-lung preparation It has been shown that the oxygen 
consumption of the heait bears a dnect relationship to its diastolic 
volume, that is, with a constant rate the oxygen consumption may 
be increased by merely increasing the filling There is, however, a 
point of maximum efficiency beyond which the oxygen consumption 
rises out of proportion to the output 

Since, as is evident from the experiment quoted above, a change 
m the heart-iate affects its oxygen consumption, it is of interest 
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to remaik that tlieie is evidence which indicates that it is more 
economical for the heart to increase its output per minute by 
greater work per beat than by an increased late This fact illustrates 
the importance of the nervous cardio-mhibitory mechanism, which 
prevents the heart from beating any faster than is necessary foi a 
given inflow 


The Nutrition of the Heart 

In the lower vertebiates, eg the frog, the heart is nourished 
directly from the blood passing through it, but from the reptiles 
onwards there is developed a special blood-supply m the foim of 
the coronary vessels 

Ligature of the coronary arteries causes almost immediate 
death, the heait, deprived of its normal blood-supply, beats megu- 
larly, goes into fibnllaiy twitchmgs, and then ceases to contract 
altogether 

If a frog’s heart is simply excised and allowed to remain without 
being fed, it ceases to beat after a time varying from a few minutes 
to an hour or so Bur if it is fed with a nutritive fluid, it will con- 



tinue to beat for many hours Drugs may be added to the pet fusion 
fluid, and their effects noted TheHuid may be passed through the 
heart, and the apparatus employed may conveniently be that shown 
in the accompanying diagram of Schafer's heai t-plethysmogi aph 
(fig 88) A frog’s heart is tied on to the end of a perfusion 
cannula, one tube of which serves for the fluid to enter, the other for 
it to leave The end of the cannula projects into the ventricle , the 
frog’s heart, it should be remembered, possesses no coronary vessels , 
the spongy texture of the cardiac tissue enables it to take up what it 
requires from the blood m its interior 

The cannula passes through the well-fitting stopper of an air-tight 
vessel containing oil On one side of the vessel is a tube, m which 
a lightly moving piston is fitted , to tins a writing-point is attached 
The piston is moved backwards and forwaids by the changes of 
volume in the heart which cause the oil alternately to recede from 
and pass into this side tube The corresponding tube on the other 
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side can be opened and the tube with the piston closed when one 
wishes to cease recording the movements With instruments of this 
kind a large amount of valuable work has been done, and the name 
of Ringer is specially connected with this method of mvestigation 
A simple modification of this method is that of Symes, in which 
the heart is made to move a level by means of a hook m the apex , 
m this case the cannula is a simple one and is mtioduced mto the 
auncle 

The best nututive fluid to employ is undoubtedly the natuial 
fluid, the blood But m oidei to use blood theie aie piactical 
difficulties , it is difficult, foi instance, to obtain much blood from a 
fiog, it is difficult to pi event it from clotting, and if agents aie 
added to check clotting, such agents usually act deletenously on the 
caidiac tissue The blood of another animal may not be altogether 
innocuous, and this is specially the case if that blood has been pre- 
viously whipped, and the fibun lemoved It was, howevei, found 
by Rmgei that a solution of the moiganic salts of sodium, calcium, 
and potassium (this is known as Ringer’s solution) m the propor- 
tions occurung m the blood will maintain cardiac activity foi a long 
time without the addition of any organic material These salts 
aie not nutritive m the strict sense, but they constitute the 
stimulus for the heart’s action Howell has shown that such an 
inorganic mixture is especially efficacious m throwing the sinus or 
venous end of the heart into rhythmical action The normal 
stimulus for the starting of the heart-beat is thus to be sought m 
the mineral constituents of the blood These mineral compounds m 
solution are broken up into their constituent ions, and of these, 
sodium ions aie the most potent in maintaining the conditions 
that lead to irritability and contractility A solution of pure sodium 
chlonde, howevei, finally throws the heart into a condition of 
lelaxation, and it is necessary to mix with it small amounts of 
calcium ions to lestiam this effect Potassium is not absolutely 
necessary, but it favours relaxation duung diastole Calcium, on 
the other hand, is the element which produces and is necessary for 
contraction, and if present alone or m excess, will produce an 
extreme contraction known as calcium mgoi 

The Excised Mammalian Heart — The mammalian heart can 
also be kept alive and active after it has been excised Its usefulness, 
not only m reference to the metabolism occurring during noimal 
caidiac activity but also fiom the pharmacological point of view, is 
obvious 

In order to maintain the action of the excised mammahan heart, 
certain precautions must be taken — 

1 The perfusion fluid must be at or about body tempera- 
ture (37° C) 
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2 It must circulate through the coronal y vessels 

3 It must be well oxygenated 

As before, living blood is the ideal fluid for pei fusion, but the 
piactical difficulties m its use aie so great, that a modification of 
Einger’s fluid is usually employed On this fluid the heart will 
continue to beat for many hours, but it will beat longer (sometimes 
several days) if a little glucose is added to the solution We owe 
this modified fluid, and the oxygenation alluded to above, to Locke , 
the perfusion fluid now univei sally employed is consequently called 
Locke’s solution and has the following composition — 


Pure distilled watei 
Sodium chloride 
Potassium chloride 
Calcium chlonde 
Sodium bicarbonate 
Glucose 


100 c c 
0 9 gi amine 
0 042 „ 

0 024 „ 

0 02 „ 


Locke investigated other sugars besides glucose, but no other 
has the same favourable effect, fiuctose is bettei than most other 
sugars, but not nearly so good as glucose 

A mammal such as a cat or rabbit is killed by bleeding oi 
pithing The heart enclosed m the pericardium is quickly cut out, 
and gently kneaded to free it from blood, m some waim Locke’s 
solution The pericardium is then dissected off, and a cannula tied 
into the aoita, this is connected to a burette which is kept full of 
Locke’s solution The solution is maintained at body tempeiatuie 
by a warm water-jacket, and is well oxygenated by letting oxygen 
bubble through it The fluid is then allowed to flow, its piessuie 
closes the aortic valves, and so the fluid enters the coionary aitenes, 
and escapes from the right auricle, which should be freely opened 
Under these conditions the heait will contmue to beat foi many 
hours A graphic recoid may be obtained by putting a small hook 
into the apex, and attaching this by a thread to a recording lever 
beneath it A veiy good illustration of the usefulness of the method 
for demonstrating the action of drugs consists m adding a small 
amount of chloroform to the circulating fluid one notices its 
immediate depressant effect, on the other hand, a minute dose of 
adrenalme markedly increases the rate and force of the heait 
The Coronary Circulation —The heart noimally is nounshed 
by blood which supplies its muscle by way of the coionaiy arteries 
This circulation is dealt with on page 152 
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The Nutrition of Blood-Vessels and of Tissues generally. 

The smaller bloodvessels are nourished directly by their 
contents but the huger vessels with thick walls have minute 
vessels lununig into then substances These are known as the 
vasa vasmnm 

What has been said of the heait pertains also to blood-vessels 
In ordei to keep blood-vessels alive and m a state to lespond to 
thugs, they must be bathed m some such solution as Emger’s 
Kings of the vessel may he cut from a large vessel and attached to a 
delicate level, 01 the fluid may be passed through the vessels undei 
piessuie and the late of flow 01 the resistance to the flow measured 
It can lie shown m this way that calcium is as essential for the 
contraction of smooth muscles as it is foi the heait 

It js probable that all tissues require similar nourishment, but 
some need moio oxygen than otheis and some, such as nerve-cells, 
aio exquisitely sensitive to changes in hydrogen ion concentration 
Hence it is extremely difficult kT keep the central neivous system 
alive aftei the normal blood supply has failed Foi this reason the 
neivous system dies extremely lapidly at death The power of 
recovery oi the different parts of the brain has been investigated by 
shutting off the blood supply, and it has been found that the highei 
parts are the lust to suffer peimanent damage as indicated by then 
failure to leeovei 

K01 sustained nutrition many othei elements are necessary to 
lepan worn-out tissue The substances necessary to effect such 
lepan aie discussed latei m the section on Metabolism 
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CHAPTER XIII 


THE CIRCULATION IN THE BLOOD-VESSELS 

The movement of the blood fiom the heait through the arteries, 
capillaries, veins, and back to the heart, depends on the head 
of pressure produced by the pumping action of the heart In the 
succeeding pages we shall see how the intei mitten t movement 
imparted to the blood is conveited into a constant flow through 
the delicate capillaries, and why the artenal blood-pressure does 
not fall while the heart is filling 

The blood-pressure has the same piupose as the piessure m gas- 
or watei -mains, namely, it ensures adequate distribution m varying 
cncumstances and, as we shall see, should it fall m man below a 
certam critical level serious consequences ensue 

The Arterial Blood-Pressure and its Maintenance 

Eor purposes of description it is convenient to enumerate first 
the factors which maintain the arterial pressure These are — 

1 The volume of the blood pumped out by the heart 

2 The peripheral resistance to the flow of blood from the 
arteries 

3 The elasticity of the blood-vessels 

In order that we may understand blood-pressuie, it is necessary 
to consider some of the general laws of fluid pressure 
t Let us considei the simple case of a fluid flowing from a reservoir, 
R (fig 89), along a tube, which is open at the other end 

In the course of the tube a number of upright glass tubes 
aie inserted at equal distances The upnght tubes which measure 
the lateral pressure exeited by the fluid on the wall of the mam 
tube, are called manometers Between 0 and D, a tap T can be 
opened oi shut at will If the tap is closed there will naturally 
be no flow of fluid, and the fluid will rise to equal heights m the 
upright tubes A B and C 

If now the tap is opened slightly, the fluid flows on account of 
the difference of pressure brought about by gravitation, the height of 
the fluid in the manometers indicates that the pressure is greatest 
in R, less m A, less still m B, and least of all m E 

On account of the resistance of the tap, the difference between 
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D and C is much nioie maiked than the diffeience between B and 
A If the fluid which flows out of the end of the tube is 
collected and pouied back into B, we complete the cn dilation 
The model seives to lllustiate the important factoi m the main- 
tenance of the blood-piessure, namely, the peripheral resistance 
to the flow of blood fiom the arteries This may be vaned by 
means of the tap T, if the tap is tightened, one imitates mci eased 
constriction of the peripheral vessels , if it is loosened, one imitates 
dilatation of the vessels If the tap T is not quite closed, the 
arterial piessure (m A and B) rises, and the venous piessure (m 
D and E) falls If it is closed entuely, the fluid m A and B uses 



to the same level as that in B, the pressure of B is not felt at 
all by D and E, winch empty themselves, and the flow ceases If 
the tap is freely opened, the arterial pressure falls, and the venous 
pressuie rises 

How the penpheial resistance and the elasticity of the vessels 
act together to maintain the piessure between the heart-beats, that 
is the diastolic pressure, may leadily be shown by the model 
repiesented in fig 90 

Since the total cross section of the circulation is smallest m the 
artenoles, it has been assumed that; the peripheral resistance is m 
this region, but since the capillaries are not all open m a lestmg 
tissue they must also be part of the resistance The truth of this 
assumption has been demonstrated when the artenoles are dilated , 
the dilatation of the capillaries by the diug histamine causes a 
diminution of the peripheral lesistance (Dale and Eichards, 
Hemingway and M c Dowall ) 
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The heart (H) is lepiesented by bulb syunge with valves (Y) which 
is woiked by the hand, and the vessels by thick rubber or glass 
tubing E is a screw-clip which can be varied at will E is a football 
bladder full of fluid which can be shut off by means of clip G 
M is a mercury manometei to measure pressure 

If clip E is open and G closed theie is a small pressure during 
the tune the bulb is squeezed, and the flow is intei mittent If E 
is now tightened the variations m pressuie (M) are greater but the 
flow is still mtei mittent and greatei force is necessaiy to empty the 
bulb 



Fig 90 —Diagram of model to illustrate the paits playod by E, penpheial resistance, and F, the 
elasticity, m maintaining a pressure m the meicuiy manometer, M The pump (H) is a ball 
syringe with valves, and F is a football bladdei 


If now the clip G is opened the benefit of adding the elasticity 
to the system is seen It becomes easier to empty the bulb, and the 
fluid which cannot escape past E distends the bag F winch lecoils 
durmg the refilling of H The fluctuations m pressure are no 
longer so great and the flow from E is now constant By experiment 
we can show that the tighter E is screwed the highei is the mean 
pressure 

The vessels m the body are not rigid but elastic tubes When 
therefore at each beat the left ventricle forces out some 80 cc of 
blood into an already full arterial system the vessels are distended, 
while when the heart is refilling the vessels lecoil to keep up the 
mean arterial pressure and the flow beyond the arterioles constant 
In the body the elasticity is not localised to any particular part 
of the system as m the model, but is generalised It is supplied by 
the elastic and muscular tissue m the walls of the vessels themselves 
The resistance corresponding to E of the model is supplied by 

F 
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the aitenoles, the relatively thick muscular walls of which are unclei 
the control of neives and in health are kept constantly m a state of 
partial contraction or tone which may be varied from time to tune 
By assisting to maintain the diastolic pressure the elasticity of 
the system plays an important part in rendering the intermittent 
flow m the artenes into a continuous flow m the capillaries But foi 
this we might feel the throb of the pulse-beat If, however, a tissue 
becomes tense because of congestion with fluid and blood the throb 
of the arteries is transmitted to the nerve- endings This is why we 
may feel throbbing m a septic finger or tooth 

The volume of blood pumped out per beat has been discussed 
fully in relation to the output of the heart It depends primarily 
on the extent to which the heart is filled, and this m turn depends on 
the venous return and on the rate of the heart 

Summary — We may then summarise by saymg that the arterial 
pressure is maintained by the heart pumping into an elastic system 
of vessels more blood than can escape during the time of each 
contraction , the elastic vessels are distended and recoil during the 
filling of the heart Thus the arterial piessure is pi evented from 
fading appreciably between the beats, and an intermittent flow 
produced by the heart is converted into a constant flow m the 
capillaries 


Recording the Blood-Pressure in Animals 

The fact that the blood exerts considerable pressure on the 
arterial walls may be readily shown by puncturing any arteiy, the 
blood is propelled with great force through the opening, and the jet 
uses to a considerable height, m a small artery, where the piessure 
is lower, the jet is not so high as in a large artery the jerky 
character of the outflow due to the mtermittent action of the 
heart is also seen If a vein is simdarly injured, the blood is 
expelled with much less force, and the flow is continuous, not 
mtermittent 

The first to make an advance on this very rough method of 
demonstrating blood-pressuie was the Reverend Stephen Hales, vicar 
of Teddmgton (1722) He inserted, using a small brass tube as a 
cannula, a glass tube at right angles to the femoral artery of a horse, 
and noted the height to which the blood rose m it This is a method 
like that which we used m the first model described (fig 89) The 
blood rose to the height of about 8 feet, and having reached its highest 
point, it oscillated with the heart-beats, each cardiac systole causing 
a rise, each diastole a fall Hales also noted a general rise during 
each inspiration The method taught Hales these primary truths m 
connection with arterial pressure, but it possesses many disadvan- 
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tages , m the first place, the blood in the glass tube very soon clots, 
and m the second place, a column of liquid 8 feet high is an 
inconvenient one to work with 

The first of these disadvantages was overcome to a great extent 
by Yierordt, who attached a tube filled with saturated solution of 
sodium carbonate to the aitery, and measured the blood-pressure 
by the height of the column of this saline solution which the blood 
would support 

The second disadvantage was overcome by Poiseuille, who intro- 
duced the heavy liquid, mercury, as the substance on which the 
blood exerted its pressure, and the {J -shaped mercurial manometer 
was connected to the artery by a tube filled with sodium carbonate 
solution to delay clotting 

The study of blood-pressure was not, however, satisfactory before 
' the introduction by Carl Ludwig (1847) of the Kymograph m which 
Poiseuille’s hcemodynamomete') was combined with apparatus for 
obtaining a graphic record of the oscillations of the mercury The 
name kymogi aph or wave-writer is a very suitable one 

A diagram of the apparatus is given m fig 91 

An artery is exposed, ligatured at its distal end, and clamped, 
so that no haemorrhage occurs , it is then opened, and a glass cannula 
is inserted and tied m The form of cannula usually employed 
(FranQOis Franck’s) is shown on a larger scale, the narrow part is 
tied into the artery towards the heart, the cross-piece of the T 
is united to the manometer, the third limb is provided with a 
short piece of india-rubber tubing which is kept closed by a clip 
and only opened when the cannula is being filled at the beginning 
of the experiment or if the piesence of a clot necessitates the 
washing out of the cannula 

The tube by means of which the cannula is united to the man- 
ometer is made of thick rubber, so that none of the arterial force 
may be wasted m expandmg it The tube, cannula, and proximal 
limb of the manometer are all filled with a saturated solution ot 
sodium bicarbonate, sodium sulphate, or other salt which will mix 
with blood and delay its clotting This is contained m a bottle 
some feet above the appaiatus so that it can be supplied under 
pressure to the proximal limb of the manometer Before the clip 
is removed from the artery, the pressure is raised by openmg chp 
B so that the mercury uses m the distal limb to a height just 
greater than that of the anticipated blood-pressure, this prevents 
blood passing too freely mto the cannula when the arterial chp is 
removed 

In the distal limb of the IJ -tube, floating on the surface of the 
mercury, is a float, from which a long wire extends upwaids, and 
carries a stiff' piece at parchment which writes on a moving surface 
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covered with smoked paper When the arterial clip is removed, the 
writing-point inscribes waves (see figs 91 and 92), the large waves 
coiresponding to respiration (the rise of pressure m most animals 
accompanying inspiration),* the smallei ones to the individual 


To Pressui e 



heart-beats The blood-piessure is really twice as great as that 
indicated by the height of the tracing above the zero, T, because if the 
manometer is of equal bore throughout, the mercury falls m one 
limb the same distance that it rises m the other , the true pressure 


* The explanation of the respiratory curves on the tracing is postponed till 
after we have studied Respiration 8 F F 
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is measiued by the diffeience of level in the two limbs of the 
manometer (fig 91) 

It will be observed that the heart-beats indicate that m laige 
arteries there is a considerable fluctuation m pressuie between the 
systole and diastole of the heart The limits of each are known as the 
systolic and diastolic pressure respectively With a mercury mano- 
meter, the inertia of the mercury reduces the difference (the pulse 
pressure), which m man may be as much as 50 mm Hg The full 
extent of the pulse pressure may be recorded by a rapidly moving 
optical manometer such as that described on p 130 

In taking a tracing of venous blood-pressure, the pressure is 



Fig 92 —Tracing of arterial blood pressure (BP) obtained with a mercurial manometer attached 
to a cat s carotid The smaller waves are heart beats, which are set on larger ones due to the 
respiratory movements lecoided below The animal was breathing slowly (M'Dowall) 


so low and corresponds to so few millimetres of mercury, that 
a watery solution (eg sodium bicarbonate) is employed instead 
of mercury If the vein which is investigated is near the heart, 
a venous pulse is exhibited on the tracmg, with small waves as 
before corresponding to heart-beats, and larger waves to respiration, 
but the respiratory rise m pressure now accompanies expiration 
The capillary pressure is roughly estimated by the amount of 
pressure necessary to blanch the skm, this has been ascertained m 
animals and men (v Knes, Roy and Brown) 

Other manometers are also employed besides the mercurial one 
Fick’s is one of these The manometer ^itself is a hollow C“ s h a P e cl 
spring filled with liquid , this opens with mcrease, and closes with 
decrease of pressure, and the movements of the spring are com- 
municated to a lever provided with a writing-point (fig 93) 
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Hurthle's manometer (see p 129) is also very much used The 
advantage of these manometeis is that the charactei and extent of 

each piessuie change are 
clearly seen In a mercury 
manometer the inertia is so 
great that there is no 
response to the very rapid 
variations m pressure which 
occur within an artery during 
each caidiac cycle 

For all accurate modern 
woik some form of optical 
recording, eg that of Wiggers, 
is used (see fig 72) These 
instruments, though useful 
for recordmg the complete 
changes m pressure, require 
calibration that is, the 
extent of movement that 
corresponds to known pies- 
sures must be ascei tamed 
by actual experiment 

The following table gives 
the average height of blood- 
pi essure m various parts of 
the vascular system m man 
They have been very largely 
inferred from experiments 
on animals, but m many 



Fig 93 — Fick s “ C ’ spring manometer a, Tube to 
be connected with artery c, hollow spring, the 
movement of which moves h, the writing lever , e, 
scr etv to regulate height of b , d, outside protective 
spring , g, screw to fix on the upright of the support 


cases have been confirmed by experiments on man 


Large arteries (e g carotid) 
Medium arteries (e g radial) 
Capillaries (arterial end) 
Capillaries (venous end) 
Small veins of arm 
Portal vein 
Inferior vena cava 
Large veins of neck 


140 mm (about 6 inches) mercury 
110 mm mercury 
30 to 35 „ 

15 to 20 „ 

9 „ 

10 „ 

3 ,, ,, 

from 0 to - 8 „ „ 


The pressure in the pulmonary aitery is about a quarter of that 
in the systemic arteries 

The blood - pressure falls slowly m the great arteries and 
manifests oscillations corresponding with the alternate systole and 
diastole of the heart, at the end of the arterial system it falls 
suddenly and extensively m the course of the arterioles , it again 
falls gradually through the capillaries and veins Such a diagram 
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of blood-pi essure is thus very different fiom one of velocity, the 
velocity like the pxessuie falls fiom the artenes to the capillanes, 
but unlike it, uses again m 
the veins 

Fig 94 lepresents loughly 
the fall of pressuie along the 
systemic vascular system 

It indicates that the chief 
peripheral resistance is m 
the small arteries, this is 
probably true when the 
tissue is active when the 
capillaries are all open but 
the woik of Dale and 
Richards indicates that m 

some circumstances the capillanes may play a larger part than the 
diagram indicates 



Fig 94 —Height of blood pressure (BP) in LV, left 
ventricle A, arteries , C, capillaries , V, veins , 
RA, right atrium , OO, line of no pressure 


It must be understood that these pressures are subject to con- 
siderable variations from alteration of the variable factois on which 
blood-pressure depends 


Blood-Pressure in Man 

Special apparatus known as sphygmometers are used for the 
measurement of blood-pressure m man Martin’s modification of 
Pava Rocci’s apparatus consists of a four-sided elastic bag about 
four and a half inches wide, and long enough to encircle the aim. 
It is wrapped lound the arm, and outside it a cuff of strong canvas 
is firmly strapped Air is forced into the bag by a tube leading 
from a ball syringe , this tube is also connected by a side blanch 
to a mercury manometer As one contmues to pump and distend 
the bag, the pulse-beats are transmitted to the mercury which rises 
m the manometer and oscillates with the pulse-beats As the 
pressure rises the oscillations become more pronounced, and at a 
certain point they exhibit a greater excursion than they do at any 
other height , beyond this point of maximal pulsation , the oscillations 
dimmish m amplitude, and as the distension of the bag is increased 
still more, the pressure which is sufficient to obliterate the pulse 
is at last reached, the oscillations of the mercury cease, and the 
pulse is no longer to be felt at the wrist The pressure necessary 
to do this is equal to the systolic pressure, and the height of the 
mercurial column should be noted when the pulse just disappears 
The point of maximal pulsation gives a reading of the diastolic 
pressure 

The more recently mtroduced auditory method (Korotkow’s 
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sounds) is a simple, quick, and tiustwoithy way of estimating 
both the systolic and diastolic piessures The armlet is inflated 
until the compiession applied is more than sufficient to obliteiate 
the pulse The chest-piece of an oiclmaiy binauial stethoscope is 
applied over the brachial aitery just below the armlet It is advisable 
also to take the systolic piessuie by palpation so as to compare the 
tactile and auditoiy indices of pressure When the armlet is thus 
distended no sound is heard and no pulse is felt The air is then 
allowed to escape giadually from the armlet, and at a certain point, 
which is read off on the manometer, a distinct sound is heaid with 



each heart-beat This maiks the beginning of the transmission of 
the pulse through the arteiy, and is the auditory index of the systolic 
pressure , it is heard a little earlier than the return of the pulse can 
be felt at the wrist With further lowering of the armlet pressure, 
the sound successively becomes murmunsh (second phase) , loud and 
cleai (third phase) , dulled and weakened (fourth phase) , and finally 
inaudible The change from the third to the fourth phase, that is, the 
sudden dulling and weakening of the sound, constitutes the diastolic 
index In many instances there is httle difference between the 
dulling and the final extinction of the sound But often, especially 
in young adults, the diffeience may be very marked, amounting 
sometimes to 30 mm Hg , to take the abohtion of the sound as the 
diastohc index m such cases would lead to serious error 

In healthy young adults examined by this method m the sitting 
posture, the systolic pressure averages about 110 to 135 mm 
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Hg and the diastolic pressuie between 60 and 80 mm m 
different individuals Muscular exertion and mental excitement 
raise the piessuie The difference between systolic and diastolic 
pressure is teimed the pulse-pi essure In disease there are great 
variations, and the study of these is a very valuable aid to diagnosis 

The Pulse 

This is the most char ac tens tic featuie of the arterial flow It is 
the response of the arterial wall to the changes m lateral pressure 
caused by the heart-beat 

The physician usually feels the pulse m the radial artery, since this 
is neai the surface, and supported by bone It is a most valuable 
indication of the condition of the patient’s heart and vessels It is 
necessary m feeling a pulse to note the following points — 

1 Its fi equency this gives usually the rate of the heart but 

strictly only the number of beats of the left ventricle which 
produce pulse- waves strong enough to reach the wrist 

2 Its foo ce whether it is a strong, bounding pulse, or a feeble 

beat, this indicates the force with which the heart is 
beating 

3 Its 'legulwity 07 w i egulai %ty irregularity may occur owing 

to n regular cardiac action either m force or m 
rhythm 

4 Its tension that is, the force necessary to obliterate it This 

gives an indication of the height of the blood-pressure 

In order to study the pulse more fully, it is necessary to obtam 
a graphic record of the pulse-beat, and this is accomplished by the 
use of the sphygmograph This instrument consists of a series of 
levers, at one end of which is a button placed over the artery , the 
other end is provided with a writing-point to mscnbe the magnified 
record of the arterial movement on a travelling surface 

The instrument commonly used is that of Dudgeon (fig 96) 

It is provided with an arrangement by which the pressure can 
be adjusted so as to obtam the best record The mstiument has the 
disadvantage of giving oscillations of its own to the sphygmogram. 
It is also important to remember that the pad or button placed 
on the artery rests partly on the vense comites, so that not only 
arterial tension but any turgidity ansmg from venous congestion, 
will affect the height and form of the sphygmograplnc lecord 

Fig 97 represents a typical sphygmogiaphic tiacmg obtained 
from the radial artery 
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The explanation of the various waves is derived from informa- 
tion obtained by taking simultaneous tracings of the pulse, aortic 
pressure, apex-beat, and mtraventricular pressure By this means 




Pig 96 —Dudgeon’s spkygmograpb The dotted outline represents the piece of blackened paper on 
which the sphygmogram is written 



it is found that the primal y (A) and pre-dicrotic (C) waves occur 
during the systole of the heart, and the other waves during the 
diastole The primary wave is produced by the ventricular systole 

expanding the artery The sharp top 
at its summit is due to the sudden 
upward sprmg of the light lever of 
the sphygmograph The closure of 
the aortic valves occurs just before 
the dicrotic wave (D) The secondary 
waves on the down-stroke other than 
the dicrotic are due to the elastic 
tension of the arteries, and are in- 
creased m number when the tension 
of the arteries is greatest The 
dicrotic wave has a different origin 
It was at one time thought that this 
wave was due to a wave of pressure reflected from the periphery, 
but this view is at once excluded by the fact that wherever we take 
the pulse-tracing, whether from the aorta, carotid, radial, dorsalis 
pechs, or elsewhere, this secondary elevation always follows the 



Fig 97 —Diagram of pulse tracing A, up 
stroke , B, down stroke , 0, pre dicrotic 
wave, D, dicrotic, E, post-dicrotic 
wave 
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primary wave after the same interval, showing that it has its oiigm 
m the commencement of the arterial system A single pressure-wave 
reflected from the penphery would be impossible, as such a wave 
reflected from one pait would be interfered with by those from other 
parts, moieovei, a diciotic elevation produced by a pressure-wave 
reflected from the penpheiy, would be increased by high peripheral 
resistance, and not diminished 

The primary cause of the 
dicrotic wave is the closuie of the 
semilunar valves , as already ex- 
plained when we were considering 
the cardiac valves, the outflow 
of blood from the heart suddenly 
ceases, and the blood is driven back against the closed aortic valve 
by the elastic lecoil of the aorta, the wave rebounds from these and 
is propagated through the arterial system as the dicrotic elevation 
The production of the dicrotic wave is favoured by a low blood- 
pressure when the heart is beating forcibly, as in fever Such a 
pulse is called a diciotic pulse (fig 98), and the second beat can 
easily be felt by the fingei 

In our study of endocaidiac pressure, we saw that the systolic 
plateau has an ascending and a descending slope (see pp 130 and 




Fig 99 —Anacrotic pulse 


131), we can now explain this fact If, after the first sudden rise 
of piessure m the aorta, the peripheral resistance is low and the 
blood can be duven on fiom the aorta more rapidly than it is thrown 
m, the plateau will sink If, on the other hand, the peripheral resist- 
ance is high, the aortic pressuie will rise as long as the blood is 
flowing m, and we get an ascending systolic plateau and an anacrotic 
pulse (fig 99) This is seen m Bright's disease, in which the 
peripheral resistance is veiy high 

If a long pulse-tracing is taken, the effect of the respiration 
may be seen m an increase of pressure, and, m some people, a slight 
acceleration of the heart's beats during inspiration 

The mam waves of the pulse can be demonstrated without the 
use of any instrument at all, by allowing the blood to spurt from a 
cut artery on to the surface of a large sheet of white paper travelling 
past it We thus obtain what is called a Iwmautograph (fig 100) 
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The pulse-wave travels along the arteries, and is started by 
the propulsion of the contents of the left ventricle into the already 
full artenal system The more distant the artery from the heart, 
the longei the interval that elapses between the ventricular beat and 
the amval of the pulse- wave Thus it is felt m the carotid earlier than 
in the radial artery, and still later m the doisal 
artery of the foot The difference of time is, how- 
ever, very slight, it is only a small fraction of a 
second 

The rate of propagation of the pulse-wave is 

of some importance smce for a given blood-pressure 
it mdicates the elasticity of the arterial wall It 
travels at the rate of from 5 to 10 metres per 
second, that is twice or thrice the velocity of the 
blood-flow The method of ascertaining this may 
be illustrated by the use of a long elastic tube into 
which fluid is forced by the sudden stroke of a pump 
If a series of levers are placed along the tube at 
measured distances, those nearest the pump will rise 
first, those farthest from it last If these are arranged 
to write on a revolving cylinder undei one another, 
the movements will be shown graphically, and the 
time-interval between them can be measured by a 
time-tracing The same principle is applied to the arteries of the 
body , a senes of Marey's tambours is applied to the heart and to 
various arteries at known distances from the heart, then levels aie 
arranged to write immediately under one another The difference m 
time between the commencement of their up-strokes is measured by 
a time-tracing J 

More recently A V Hill has introduced the hot-wire sphygmograph m which 
the expansion of the artery with each heart-beat makes a puff of air cool an 
electrically-heated wire, the electrical resistance of which is thereby varied The 
wire forming one arm of a Wheatstone’s bridge, the alteration m resistance is 
shown by a string galvanometer, and recorded photographically Two artenes at 
different distances from Hie heart are used, the time of arrival of the pulse-wave 
m each being recorded by the excursion of a string m the galvanometer the 
two strings being arranged so that their images on the recording surface fall in 
the same vertical plane The method is a very accurate one 



Fig 100 — Hsemauto 
graph, to be read 
from right to left 


Tbe Venous Pulse and the Polygraph 

The venous pulse is recorded by placing over the lower end of the 
internal jugular vein m the neck a hollow metal cup which transmits 
changes in pressure to a delicate tambour The waves are produced 
m part by interruption of the venous inflow and by the neighbouring 
arteries Thus when the auricle is filling, the venous pressure rises 
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to cause the Y wave (fig 84, p 144), but this falls as soon as the 
auriculo-ventricular valves open The subsequent filling and con- 
traction of the auricle cause the important A wave, which is followed 
-} of a second later by the C wave This wave is due to the approxi- 
mation of the large arteries and veins, eg the mnominate, and, since 
the wave is present m piessure records of the auricle itself, it may 
m part be due to the bulging of the floor of the auricle durmg 
ventricular systole 

An analysis is made of the auricular tracing by taking 
simultaneously a tracing of the radial pulse by means of the 
polygraph m which the venous and arterial records are on the 
same strip of paper (fig 84, p 144) The wave which occurs on the 
venous tracing one-tenth of a second before the radial pulse is 
the C wave, while usually the preceding wave is the A wave 
Fig 84 shows additional waves which can be neglected at present 

The importance of polygraph records is that from them the 
number of auricular contractions may be counted and the a-c interval, 
which corresponds to the PE interval of the electro-cardiogram, 
gives a measure of the time (normally one-fifth of a second) 
taken for the excitation wave to pass down the auriculo-ventncular 
bundle 


The Velocity of the Blood-Flow 

The velocity of the current of blood is inversely proportional to 
the sectional area of the bed through which it flows The flow 
is theiefore swiftest in the aorta and arteries, and slowest m the 
capillaries In very round numbers, the rate is about a foot per 
second m the aorta, and about an inch per minute m the capillaries 
The capacity of the veins is about twice or thrice that of the arteries , 
so the velocity m the veins is from a half to a third of that in the 
corresponding arteries The rate in the veins mcr eases as we 
approach the heart, as the total sectional area of the venous trunks 
becomes less and less 

The question of velocity is one of great importance, for it is on 
velocity that the actual amount of blood supplymg the tissues mainly 
depends In the capillaries the rate can be measured by direct 
microscopic investigation of the transparent portions of animals 
E H Weber and Yalentin were among the earliest to make these 
measurements in the frog, and the mean of their estimates gives the 
velocity as 25 mm per minute m the systemic capillaries In warm- 
blooded animals the velocity is somewhat greater 

In the larger vessels direct observations of this kind are not 
possible, and it is necessary to have recourse to some instrumental 
method 
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exactly with those in d d' , hut if c c is turned at right angles to 
its present position, theie is no communi- 
cation between h and a and % and a', but /'V_T S \ 
h communicates directly with z, and if ( ( \ ' 

tui ned thi ough two right angles c communi- 
cates with d, and c with d', and there is 
no direct communication between h and % g 

The experiment is performed m the follow- g 

mg way — The artery to be investigated is g 

divided and connected with two cannul* |§ 

and tubes which ht it accurately with h M = 

and % , h is the central end and i the pen- §§ r jg 

pheral , the bulb a is filled with olive oil g C H ^ 

up to a point rather lower than k, and a g g 

and the remainder of a is filled with M g 

defibnnated blood, the tube on k is then 3 H 

carefully clamped , the tubes d and d' are 

also filled with defibnnated blood When gj . ” 

everything is ready, the blood is allowed to jj 
flow into a through h, thus dnvmg the oil H 
over into a' and displacing the defibnnated J 

blood through % into the peripheral end of Fl0 10s _ Dia giam to illustrate 
the artery, a ' is then full of oil, when the th ® principle of Pitots tube 

i •« -t i -if* i i and Oy Dulski’8 photo heemata 

blood reaches the lOimer level of the Oil chometer The difference m 

m a, the disc c o' is turned rapidly through «£ velo^tom a ? o i | dl0ates 

two right angles, and the blood flowing 

thiough d into a' again displaces the oil, which is driven into a This 


C 



Fiq 104 —Diagram of Chauvoau’s dromograph a, Brass tube for introduction into the lumen of the 
artery, and containing an index needle, which passes through the elastic membrane in its 
side, and moves by the impulse of the blood current , c, graduated scale, for measuring the 
extent of the oscillations of the needle 


is repeated seveial times, and the duration of the experiment noted 
The capacity of a and a' is known , the diameter of the artery is 
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then measuied, and as the numbei of tunes a has been filled m 
a given time is known, the velocity of the cui rent can be 
calculated 

Many modifications of Ludwig’s ongmal instrument have been 
devised, but the piinciple is the same in all 

The stiomuhr has one advantage over the haemodromometer, m 
that it enables one to note changes m mean velocity during the 
course of an expenment The mean velocity varies very gieatly 
even during a shoit expeiiment Thus, in the carotid arteiy of a 
dog, the velocity of the stream varied fiom 350 to 730 mm pei 
second in the couise of eighty seconds , m the same artery of the 


JB 



rabbit the variations were still more extensive (94 to 226 mm per 
second — Dogiel) 

Many instruments have been devised for the study of blood 
velocity, as the illustrations indicate The stiomuhi gives the 
mean velocity, but the photo-haematachometei (fig 103) and the 
dromograph (figs 104 and 105) furnish information concerning the 
changes m velocity which occur during the caidiac cycle 


The Time of a Complete Circulation 

Among the earliest investigators of the question how Ion" an 
entire circulation takes, was Hering He injected a solution of 
potassium ferrocyamde mto the central end of a divided jugular 
vem, and collected the blood either from the other end of the same 
vein, oi from the corresponding vem of the other side The sub- 
stance injected is one that can be readily detected by a chemical 
test (the Prussian blue reaction) Yierordt improved this method 
by collecting the blood as it flowed out, m a rotating disc divided 
into a numbei of compartments The blood was tested m each 
compartment, and the ferrocyamde was discovered m one which 
m the horse received the blood about half a minute after the 
injection had been made The experiment was pei formed in 
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a laige numbei of animals, and the following were a few of the 
results obtained — 

In the hoise 31 seconds 

» d°g 16 

» cat 6 5 „ 

» fowl 5 

At first sight these numbers show no agreement, but m each 
case it was found that the time occupied was 27 heart-beats 
The dog’s heait, for instance, beats twice as fast as the horse’s, 
and so the time of the entire cnculation is only half as long 
It must, howevei, be clearly understood that these figures are 
those for anaesthetised animals at rest During activity enormous 
changes may occtu 

The gieat objection to the older methods was the fact that 
haemorrhage occuned throughout the experiment, and this materially 
weakened the heait and slowed down the circulation Stewart 
has employed two methods which avoid this In the first, the 
carotid aitery is exposed, and non-polarisable electrodes applied to 
it These are placed m circuit with a cell, a galvanometer, and one 
aim of a Wheatstone’s bridge After the resistances in the bridge 
have been balanced, and the galvanometer needle brought to rest, a 
small quantity of stiong sodium chloride solution is injected into the 
opposite carotid As soon as the salt reaches the carotid artery, the 
resistance of the blood is altered, the balance of the Wheatstone’s 
budge is upset, and the galvanometer needle moves The period 
between the injection and the swing of the needle is accurately 
noted 

The second method used is even simpler, and gives practically 
the same lesults, a solution of methylene blue is injected into a 
vessel The corresponding vessel on the opposite side is exposed, 
placed on a sheet of white paper, and strongly lllummated The 
time is noted between the injection and the moment when the blue 
eoloui is seen to appear m the vessel under observation Stewart 
has applied these methods also foi determining the time occupied 
by the passage of blood through various districts of the circulation , 
the longest circulation tunes were found m the portal system and 
the lower limbs He calculates that the total circulation time in 
man is about 15 seconds 

Hone of these methods, however, give the true time of the entire 
cnculation , they give merely the shortest possible time in which any 
particle of blood can travel thiough the shortest pathway The 
blood that travels m the axial current, or which takes a broad path- 
way through wide capillaries, will arrive far more speedily at its 
destination than that which creeps through tortuous or constricted 
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vessels The direct observations of Tigerstedt on the output of the 
left ventricle show that the circulation- time of the whole blood is at 
least three times as long as the period arrived at by the Hermg 
method It is therefore fallacious to use circulation-times as a basis 
for calculating the total amount of the blood m the body It must 
be understood that durmg actual life there is an enormous variation 
of the speed of the blood-flow just as there is a great change m the 
blood-pressure and heart-rate 

The Capillary Circulation 

Trom what has been said m the previous pages it is evident that 
the capillary pressure is much lower than that m the arteries 
A rough idea of the actual pressure may be obtained by finding 
the amount of pressure necessary to blanch the skm The average 
pressure in the skm capillaries is about 10 mm of mercury, but 
there is good reason to believe that in many of the capillaries the 
pressure is appreciably higher 

The circulation in the capillaries may readily be observed m 
the web of the foot, or the mesentery of a frog In the larger 
vessels there is seen to be a distinct pulsation with each heart-beat, 
but in the smaller capillaries the blood is seen to flow with a 
constant equable motion The red blood corpuscles move along 
mostly in smgle file and bend m various ways to accommodate 
themselves to the tortuous course of the capillary, but they 
recover their normal outline on reaching a wider vessel If the 
capillaries are observed for some time they are seen to undergo 
changes m calibre, some shutting down, and others opening up 
These changes apparently take place independently of the arteries 
and veins, and depend on the oxygen requirements of the tissue 
supplied 

The capillaries may readily be made to contract if touched with 
a sharp needle This contraction normally spieads ovei a con- 
siderable area, but if cocaine has been previously applied to the web, 
the constriction is limited to the point of stimulation Since cocaine 

+ k ^ own P aral y san ^ °f nervous tissue this experiment indicates 
that the capillaries are controlled by nerves This is suppoited by 
the observation of Hooker that stimulation of the ceivical sympa- 
thetic nerves causes constriction of the capillaries of the rabbit’s ear, 
while Hoi has demonstrated dilatation m the frog’s web by nervous 
stimulation (Bayhss) 

The human capillaries may be observed in the skm with an 
ordinary microscope, if the skm is soaked in oil and adequately 
illuminated In the nail-fold capillary loops may be seen Some skm 
capillaries remain permanently open but others open and close at 
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intervals The opening up occurs m all tissues during activity or 
after cutting off the oxygen supply (see p 200) 

It is important to lealise that the total number of the capillaries 
m the body is enormous, and that were they all open at once the 
effect on the capacity of the vascular system would be very great 
They would, as it were, soak up the blood like a sponge 

It has been shown (Dale and Eichards) that the substance 
histamine has the power of causing widespread capillary dilatation, 
and brings about, as a result, a profound fall of blood-pressure, which 
may end m death The blood is lost m the capillaries and does 
not return to the heart It is suggested that secondary wound 
shock may be due to the production of such a substance m the 
damaged tissues, since the symptoms of this condition are likewise 
explained by a diminution of the blood m active circulation 

Fainting m a hot bath is probably also due to a dilatation of 
the capillaries of the slan 

The capillaries of the slan have been found to be specially 
sensitive to histamine, an observation possibly explamed by the 
finding of Best, that the skm, unlike the other tissues of the body, 
does not contain the enzyme histammase winch destroys histamine 
Lewis has shown that when the skm is injured the redness and 
whealmg {eg m bums) is due to the local production of a dilator 
substance which not only opens up the capillaries but causes 
increased permeability of their walls Tins is evidently a protective 
mechanism 

Consideiable discussion has taken place on what normally 
keeps a laige numbei of the capillaries closed It is probably 
nervous conti ol, but the closure leturns after the nerves are cut 
Krogh has suggested that post-pituitary hormone circulating m the 
blood is responsible „ Dale has suggested adienalme , Hemingway 
and M‘Dowall have put foiward evidence that the normal alkalinity 
of the blood is sufficient They have shown that even m perfused 
vessels the capillaiy tone 01 contiaction as indicated by the dilator 
response to histamine may be kept up by alkali provided the 
accumulation of lactic acid m the dying tissue is prevented by 
ehloralose (see Kigor Mortis) This view is supported also by the 
evidence of Fleisch, who perfused vessels with fluids of varying 
hydrogen-ion concentration 

Certain it is that acids such as carbon dioxide and lactic acid 
cause capillary dilatation This no doubt accounts for the fact that 
we readily obtain fiushmg of the skm after compressing a small area 
or after temporary occlusion of the blood-supply (see Exercise, p 201) 
The fact that there actually is a dilatation of vessels duimg the 
occlusion has been definitely shown by the fact that the venous 
pressure m the occluded part falls (Kendrew) 
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The Venous Return 


In our study of the output of the heart we saw that the output 
depends primarily on the amount of blood which reaches it from 
the veins This return depends on a variety of factors, and provided 
the heart is efficient its extent may be estimated by recording the 
venous pressure 

The Venous Pressuie — This pressure is clearly dependent on 
the heart and the arterial pressure The pressure is highest m 
the small veins at the periphery, but falls off to zero 01 a minus 
pressure m the veins near the heart during diastole The pressure m 
veins may be taken exactly as is arterial pressure, except that since 
the pressure is so low water is used m the manometer instead of 
mercury An inverted bell of very thin glass makes a convenient 
float In man, probably the most trustworthy way is to obseive the 
pressure at which a saline solution will just stop running into a vein 
through a cannula The amount of pressure necessary to compress a 
superficial vem or which will just prevent the re-fillmg of a vem 
emptied by compression from the periphery inwards is also an index 
of the venous pressure The venous pressure is normally about 5 to 
15 cm H 2 0 or about 2 to 10 mm Hg in a vem at the elbow, held 
at the level of the right auricle (Bedford and Wright) 

The venous pressure varies directly with the blood volume 
relative to the capacity of the circulation, m this way it is 
different from the arterial pressure, which may be kept up reflexly 
by the vasomotor centre If blood is lost, the aitenes and 
capillaries constrict and by increasing the peripheral resistance 
keep up the arterial pressure, but as a result (corresponding to a 
closing of the tap m fig 89) the venous pressure falls This 
adaptation also occurs whenever a drug is injected which causes any 
marked increase in the capacity of the circulation It is seen after 
the injection of histamine (see capillaries, p 179) and of alcohol, 
which dilates skin vessels, although in neither instance may 
there be, at least with small doses, any sustamed fall of arterial 
pressure 


When, however, there is a large increase in the capacity of the 
circulation, as when a large dose of histamine is injected (e q 2 mg 
histamine mto a cat), or when the nervous control of the blood- 
vessels is cut off, then there is a fall of venous pressure and failure 
of the circulation because the heart does not receive sufficient blood 
This phenomenon occurs m shock and is of great surgical import- 
ance In exercise and m haemorrhage the venous return is increased 
by a reduction m the capacity of the circulation resulting from 
constriction of vessels especially of the skin and the intestine All 
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vessels including the large abdominal veins and also the spleen take 
part m this reaction 

The return of the blood to the heait is facilitated by respiration 
Indeed, so important is this function that the term “respiratory 
pump ” is used (L Hill) Any temporary cessation m respiration 
causes a fall m aitenal blood-pressure, until asphyxia ensues 
The pressure m the chest is normally negative Duiing each 
inspiration there is produced an mci eased negative pressure m the 
chest and at the same time an increased positive pressure m the 
abdomen The negative pressure m the chest tends to draw blood 
into the chest and the positive pressure to drive up blood from 
the abdomen Thus at each inspiration, since the valves of the 
veins prevent regurgitation into the lower limbs, blood is drawn 
towards the heart The action of the respiratory pump is increased 
with the respnation during exercise 

The muscula > movements of the limbs also assist in returning 
the blood to the heart during exercise, by compression of the 
valved veins 

The venous pressure is also much influenced by the efficiency 
of the heart as a pump, and the weaker the heart becomes the greater 
is the venous piessure because blood continues to flow into the veins 
from the arteries, the blood m which is at a much higher pressure 
(see fig 110) There is, indeed, evidence that height of the venous 
pressure is the most delicate test of the efficiency of the heart A 
rise of venous piessure is very commonly seen m caicliac diseases, 
and the venous congestion so produced may cause dire results 

On the other hand, increased efficiency of the heart causes a fall 
of venous pressure 
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CHAPTER XIY 


THE CONTROL OF THE CIRCULATION 

The on dilation is conti oiled by chemical and nervous mechanisms 
which maintain its efficiency m whatever circumstances the body 
may lie placed One gieat puipose of the control is to provide wide 
vauations m blood supply to various oigans, especially the muscles 
accoidmg to then activity and requirements The control also 
pi events the efficiency of the cn dilation from being unduly affected 
by changes m the position of the body and ensures that m the event 
of loss of blood, the heait and biam — the most essential organs of 
the body — aie the last to suffei senously 

The Control of the Heart - Rate — This rate is set by the 
pace-maker, which may be influenced appreciably by various factors 
It may he affected directly by the temperature of the blood leaching 
it and by the piessuie of the blood m the right auricle A rise 
m eithei the tompeiatme or the piessuie plays a part m the 
acceleration which takes place during exercise and m fever The 
most impoitant influences, however, are those reaching the pace- 
maker by way of those parts of the autonomic nervous system 
which foi convenience, we may call the cardio-aceelerator mechanism 
and the caidio-mhibitoiy mechanism both of which act reflexly 

The Cardio- Accelerator Mechanism — Although for convenience 
this mechanism is termed accelerator, it is to he understood that 
it is also augmentoi 

The efferent path belongs to the sympathetic In the mammal 
the sympathetic fibres leave the cord by the second and third 
dorsal neives, and possibly by anterior roots of two or more lower 
nerves , they pass by the rami eommunicantes to the stellate ganglion, 
or first thoracic ganglion, and thence by the annulus and by the inferior 
cervical ganglion of the sympathetic they proceed to the heart (see 
fig 106 ) 

In man, the caidiac branches of the sympathetic travel to the 
heait from the annulus and cervical sympathetic m superior, middle, 
and lower bundles of fibies These pass into the cardiac plexuses, 
and surrounding the coronary vessels ultimately reach the heart 
In the fiog the sympathetic fibres leave the spinal cord by the 
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anterior loot of the third spinal neive, and pass by the ramus 
communicans to the thud sympathetic ganglion, then to the second 
sympathetic ganglion, then by the annulus round the subclavian 
aitery to the first sympathetic ganglion, and finally m the mam 
trunk of the sympathetic, to near the exit of the vagus fiom the 
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Fig 106 — Heart nerves of mammal (Diagrammatic ) 


cranium Here they join the vagus and run down to the heart 
within its sheath, forming the jomt vago-sympathetic trunk These 
fibres are indicated by the dark line in fig 107 The fibres of the 
sympathetic which go up into the skull are for the supply of 
blood-vessels there It should be noted that the frog has no 
accessory nerve 

The sympathetic fibres appear to pass to Bidder’s ganglion at the 
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junction of the auncles and the ventricle This ganglion acts as a 
relay station 

The fibres fiom the In am appear to pass down the spinal cord 
m its lateial columns, but detailed information on this point is 
lacking Stimulation of the fibres anywhere along their course brmgs 
about cardiac acceleration and augmentation There is, however, 
evidence that separate fibres may be concerned m these two 
functions, and it is claimed that m mammals one or two small 



nerves leaving the stellate ganglion produce augmentation without 
acceleration Yery maiked stimulation of the sympathetic may be 
produced by the intravenous injection of adrenaline, an extract of 
the medulla of the suprarenal gland which acts m the legion of 
the sympathetic neive-endmgs 

The central part of the accelerator mechanism we have very 
little information about, except that we have reason to believe that 
it is closely associated with the cardio-mhibitory centre in the 
medulla and may extend up to the mid-brain 

There is evidence that this central mechanism is stimulated 
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by anaemia or asphyxia and by a fall of blood-piessuie m the 
centre 

Afferent impulses reach the centres by practically every sensoiy 
neive Of special interest, however, aie the impulses which reach 
it by the sensory nerves of the skin and from the right auricle 
If a sensory nerve is stimulated, either electrically m an animal or 



Fig 10S —Rise in arterial blood pressure produced by stimulating the central end of a 


sensory nerve 


(external popliteal) m a cat under the influence of morphine and curare B P . blood pressure 
A, abscissa or baseline, T, time intervals of 5 seconds, EJ, signal line 1 ‘ ' ‘ ' 

■fnrPnn/kAC! t.llA /vP ntirviiilo'l-inv, *4 mi. - . n * 


indicates the period of stimulation of the nerve 
reproduction (Lent by Sir C S Sherrington ) 


_ • . w — , the lowering of which 

The size of the figure is slightly reduced in 


by causmg pam m man, cardio-aeceleration is immediately obseived 
It probably constitutes a preparation for immediate activity 

The Higher Centres— It is well known that the heart quickens 
m states of excitement and that sudden shocks may ariest its 
activity It appears not unlikely that the cardiac acceleration of 
excitement is closely related to the phenomenon of conditioned 
sensation (q v ) 

The impulses set up by a rise of pressuie in the right auricle 
are of special importance m exercise and brmg mto operation the 
Eambndge reflex (which is dealt with m relation to Exercise) 
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The accelerator mechanism is to a small extent always m action, 
since section of the accelerator neives or then paralysis by 
ergotamme may cause a slowing of the heart J 

Inci eased activity of the accelerator mechanism by increasing 
the output ot the heait causes a use in blood-pressure which, as 
we shall see, is usually, m the intact animal, furthei e nhan ced’ by 
constriction of the blood-vessels which is produced at the same time 
by the excitatory agent, e <j sensory stimulation 



Fio 109 ~Kf!< (t of Htroiifi Humiliation of tbc porif i j— a Mood pressure (carotid 

of rabbit) Note Htoppage of heart and fall of <> i . * - \ t / *0 utter the recommence 
ment of the heart, the blood pressure rises abc ht - a a -r 1 


The Cardio-Inhibitory Mechanism — The action of the vagus 
nerves on the heait was fust described by the brothers Weber m 
1845 They showed that if the penpheral ends of these neives were 
stimulated there was marked slowing 01 cessation of the heart 
The vagus is the tenth cranial neive and is the chief nerve of 
the paia-sympathetie 01 ciamo-sacral division of the autonomic 
nervous system The el feet of stimulation of the vagus is shown 
m figs, 109 and 110, m which theie is cessation of the activity of the 
heart, m the lust instance complete, causing a maiked fall of arterial 
and rise of venous piessuie It the stimulation is contmued, so-called 
vagus escape (m escape horn the inhibitory stimulus) may occur 
as the result of the rise of venous pressure stimulating the cardio- 
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accelerator mechanism This is shown by the fact that if steps 
are taken to prevent the rise of venous pressure, eg by bleeding, 
vagus stimulation continues to cause slowing for hours without 
evidence of fatigue (MTDowall) 

In the frog a similar inhibition is produced, but since m the 
latter the sympathetic is bound up with the vagus mixed effects 



Fig 110 —Shows the effect of stimulating the vagi on the arterial (pulmonary and carotid) and venous 
pressures taken simultaneously Note that although stimulation was continued, an escape 
occurred, which m this instance was confined to the ventricles The venous and pulmonary 
pressures were recorded by water manometers (M'Dowall) 

may occur (fig 111) It is important to observe that if records 
of the frog’s heart are being taken with the usual form of cardio- 
graph, any form of mechanical stimulation, such as a too-heavy 
lever, may dimmish or annul the vagus effect So also will too strong 
a stimulus which may stimulate the heart-fibres directly 

In the frog the inhibitory fibres have a relay station m Eemak’s 
ganglion m the sino-aurieular junction The synapses m the junction 
may be paralysed by painting the region with nicotine but thereafter 
the heart may still be slowed by stimulating the post-ganglionic* 
fibres which arise m this region which is recognisable as a white 
line or crescent If, however, the heart is now painted with atropine 
no inhibitory effects can be produced 
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The chief action of the vagus in the mammal is on the smo-amicular 
node, and on tho auucle, of winch the force of contraction is reduced, 
the duiation of systole shoi toned, and the lefiactory penod diminished 
The vagus also depi esses the conductivity of the auriculo-ventricular 
bundle This is shown by the fact that if a partial heart-block is 
produced stimulation of the vagus may make it complete 



Fio lowing tho actions of the vagus on the frog’s heart Aur , auricular, Vent , 

, *■ c . - -T- u The part between the perpendicular lines indicates the period of vagus 
s T w f ^ indicates that the secondary coil was 8cm from the pTimaiy The part of 
the irac'rg to + h< left shows the regular contractions of moderate height before stimulation 
Duri g stin uluiici i, and for somo time after, the boats of auricle and ventricle are arrested. 
After they commence again they are small at first, but^soon acquire a much greater amplitude 
than before tho application of tho stimulus (From Brunton, after Gaskell ) 

It is now behoved that the vagus acts by liberating a chemical 
substance, acetyl -cl loh no, m the lieait (Loewi) This substance had 
long been known to have a smnlai action to that of the vagus, but 
it has now been found to oust in the inhibited heart Howell had 
previously suggested that tho action was due to the libeiation of 
potassium, and it may he that somehow his findings are related to 
those of Loewi (see also p 193) 



Fio 112 —Record of Impulses passing ap right depressor nerve in a rabbit amplified 2,000 ',000 
times and worded with the Cathode Ray Oscillograph The record shows the hurst of 
impulses at each heart bent marked “ H, " time In one fifths of a second (P Rijlant) 


It is now lealiaod that this vagus activity is but the efferent part 
of a general cardio-mhibitory mechanism, which operates normally 
during rest and restrains the activities of the heart as is seen by 
the fact that if the vagi are cut or if atropine is administered to 
paralyse the vagal-endings there is marked cardiac acceleration 
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During rest the cardio-inhibitory mechanism is apparently more 
active than the cardio-aceelerator, since section of both vagi and 
sympathetic causes an increase m late The inhibitory mechanism 
is, however, apparently most active in men and animals who take 
much physical exercise , in these, cutting the vagi 01 the administra- 
tion of atropine causes a greater increase m rate than m those who 
lead a less active life 

We must assume that the vagus centre m the medulla which is 
normally sending out impulses to restrain the heart, is constantly 
receiving stimuli from various sources This is suggested by the fact 
that the stimulation of certain regions may produce vagus inhibition 
of the heart A blow on the abdomen may cause such inhibition 
reflexly in the frog and m man and may cause fainting 
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Fig 113 -Tracing of arterial blood pressure showing the effect of stimulating the central end of the 


A blow on the laiynx has been known to kill In some 
individuals irritation of the respiratory tract, eg by tobacco smoke 
will cause inhibition ' 


Normally the cardio-mhibitory mechanism is activator! by 
afferent impulses arising in the walls of the vessels, and at the 
same time dilatation of blood-vessels is brought about These aie 
faiown as depressor reflexes At each beat of the heart, impulses 
(ngs and 138) can be shown, electrically, to pass up the depressor 
nerve from the arch of the aorta to the medulla In the rabbit the 
nerve is separate, hut m most animals it is bound up with the vagus 
If the central end is stimulated (fig 113), reflex inhibition of the 
heart occurs, which is abolished if the vagi are cut Even when 
the vagi are cut, such stimulation causes, however, a fall of blood- 
pressure which can be shown to he due to generalised dilatation of 
vessel resulting from inhibition of the vasoconstrictor centre (and 
probably stimulation of the vasodilator centre) V 
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Similai impulses aie set up by a rise of piessuie m the carotid 
sinus (Henng, Heymans),* the impulses passing to the medulla by 
way of the glossopharyngeal nerve Evidence has also been put 
f 01 ward by Anrep and Stalling that an increase m cerebral joressui e 
may bung about similai results, apparently through chiect action on 
the medulla 

It is believed that by such reflexes the heait is protected against 
a sudden rise of pleasure on the artenal side If such a use is 
produced, it is at once reduced by cardiac slowing and vasculai 
dilatation It is evident, however, that when, as m exercise, the 
venous filling is at the same time increased and causes cardio- 
acceleiation, the activity of the depressoi reflex is m abeyance and 
a rise of artenal blood- pi essure is permitted 

How exactly this abeyance is brought about has not been worked 
out It has, however, been suggested that the caidio-mhibitory 
mechanism has an impoitant function in relation to caidiac efficiency 
The more efficient the heart the moie blood it is capable of pumping 
out per beat, but the cardiac acceleration which takes place when 
the venous pressure rises m exercise would pievent full advantage 
being taken of the increased efficiency unless vagus restraint were 
increased This function would explain why those in good training 
develop increased vagus restraint 

The depressor reflexes may also be useful m another way If the 
artenal pressure tends to fall, eg from haemorrhage, the normal 
stimulation of the cardio-mhibifcory mechanism by the depressoi 
is reduced and the heart beats faster This and pallor of the skin 
aie important points m the diagnosis of internal haemorrhage These 
facts have given use to what has been called “Marey’s Law,” which 
is the higher the blood-pi essure, the slower the heart, and vice versa 
An exception to this “law” occurs m exeicise 


The Chemical Control of the Heart-Rate 

Any procedure which causes oxygen- want and the accumulation of 
caibon dioxide m the biam causes caidiac acceleration which at a 
later stage is replaced by cardiac slowing Since the acceleration 
occurs even aftei the vagi aie cut, the sinuses deneivated, and the 
suprarenal glands removed, it must lie considered that such pro- 
cedures cause a central stimulation of the sympathetic (MtDowall) 
At the same time they cause apparently an inhibition of the cardio- 
mlnbitoiy leflex since, under conditions of oxygen-want and carbon 
dioxide accumulation m exeicise and asphyxia, cardiac acceleration 
occurs at the same time as a high hlood-pi essure 

* The carotid smus is the dilatation at the division of the common carotid into 
the external and internal carotid arteries 

G 
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It should, however, be pointed out that although this mechanism 
has been shown to exist it has not yet been shown that the changes 
m the blood m noimal exercise aie sufficiently laige to be effective 
in this way 

The Effect of Drugs on the Heart 

This question belongs properly to the lealm of Phannacology 
We shall, theiefore, confine ourselves to those substances which aie of 
impoitance owing to their use m physiological investigation 

We may conveniently divide the drugs which act on the lieait into 
two categones those which act on the caidio-mhibitoiy mechanism, 
and those which act on the cardio-acceleratoi mechanism 

Adrenaline , from the suprarenal gland, by stimulating the sym- 
pathetic causes a marked increase m the force and late of the 
heart 

Ergotoxme and ergotamme, from extract of ergot, by paialysmg 
the sympathetic cause a profound slowing of the heait 

Atropine, from belladonna, causes maiked acceleration of the 
heart-beats, by paralysing the endings of the vagus 

Muscarine , from poisonous fungi, Pilocarpine, fiom Jaborandi 
leaves, and Choline and the more active Acetyl-choline cause marked 
slowing of the heart by stimulating the vagal neive-endmgs, as is 
shown by the fact that they do not act on the heait of the eaily 
embryo before the nerves have grown m (Pickering) Then action 
is abolished by atropine 

We have already noted that theie is evidence that ecu tain 
nerves act by producing -adrenaline or acet)l-chohno m the ltigion 
of their nerve-endings 

Nicotine paralyses the synapses of the autonomic nervous 
system and abolishes, thereby, sympathetic tone and vagus restraint 
As the lattei predominates, nicotine causes an acceleration of the 
heart 

Action of Chloroform on the Cardiac Mechanism — The mammalian 
heart is more difficult to stop by stimulation of the vagus than the 
fiog’s heart, commonly it is only slowed, and the amplitude of the 
beat reduced, yet it is most important foi the student of medicine 
to recollect that vagus inhibition may have far-reaching results 
One of the most familiar causes of heait stoppage m surgical piactice 
is that produced by chloroform, chloroform acts directly on the 
cardiac tissue when it is administered incautiously, or m too laige 
doses over long periods of time , the term inhibition is not applicable 
m this case, and the effects of the poisonous action of chloroform on 
the heart itself can be avoided by keeping the piopoition of chloro- 
form m the inspired air at 2 pei cent or less But m othei cases 
which are seen both m animals and human beings who may he 
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peculiarly susceptible to the influence of chloroform, heart stoppage 
occurs during the onset of anaesthesia long before the percentage of 
chloroform m the blood has reached a value which is toxic to the 
heart Some have considered that death during the induction of 
chloroform anaesthesia is due to the vapour irritating the vagal 
terminations in the lung, and so leadmg to reflex inhibition of the 
heart Embley’s experiments, however, lead to the conclusion that 
the chloroform acts on the vagus centie m the medulla oblongata 
In animals, cutting the vagi immediately sets the heart going again 
In man this operation cannot be performed, and it is therefore a wise 
precaution, whenever it is necessary to administer chlorofoim, to 
give beforehand a small dose of atiopme under the skin so as to 
paralyse temporal lly the vagus-endings m the heart 

The Control of the Blood-Vessels — The Vasomotor 
Nervous System 

The Vasoconstrictor Centre — It has now been definitely 
established that all the blood-vessels m the body are undei the 
control of the vasoconstuctor centre winch lies m the flooi of the 
fourth ventricle, a few millimetres above the calamus scriptonus 
of the medulla The position of the centre has been discovered 
by the following means If sections are made through the bram 
above this level, there is no immediate effect on the blood-pressure , 
on the other hand, section of the medulla below this region causes 
a piofound fall of blood-pressme due to the loss of the influence 
of the centre which noimally keeps the vessels m a state of partial 
contraction 01 tone 

In such experiments the animal must be kept alive by artificial 
lespiration since the sections mteifere with the normal respiration 
It is found that even after the vasoconstrictoi centre has been cut 
off by section of the medulla, recoveiy of blood-piessure may occur 
This suggests that the spinal cold is the seat of subsidiaiy centies, 
a view which is suppoited by the fact that destruction of the coid 
causes the blood-pressuie to fall again 

The vasoconstrictor centre is normally kept stimulated by impulses 
which leach it by the affeient nerves (especially those of the skm, of 
the caiotid sinus, and the vagus), and by carbon dioxide m the blood 
If, therefore, the afferent end of a sensoiy nerve is stimulated, a 
contiaction of blood-vessels is bi ought about and a consequent 
rise of blood-pressure, although any effect on the heart has been 
prevented by previous section of its neives A similar rise of blood- 
pressuie is caused by an accumulation of carbon dioxide m the body, 
such as occurs m asphyxia (see fig 145) On the other hand, if 
an anaesthetised animal is forcibly over- ventilated and the caibon 
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dioxide in the blood reduced there is a fall of blood-piessure which 
has been shown by Dale and Evans to be due to reduction of the 
activity of the vasoconstrictor centre This effect does not, howevei, 
necessarily occur in noimal man m whom certain compensatory 
mechanisms are present The effort of over-ventilation and the 
effect on the capillaries of washing out the caibon dioxide make 
up foi the reduction of carbon dioxide m the centre 

The centre is stimulated by a fall of blood-pressme, and the 
skin palloi produced is an impoitant point m the diagnosis of 
internal haemorrhage or shock In this it acts reciprocally with 
the vasodilator centre, and the vascular constriction which occius m 
haemorrhage may be looked upon as partly due to mci eased vaso- 
constrictor activity and partly to reduced vasodilator activity 

Normally, for example, the skin vessels constrict during ovei- 
ventilation (rapid deep breathing) in man If, however, the individual 
is immersed m a very hot or very cold bath this change m the slan 
vessels does not occui and over- ventilation may cause a fall of pleasure 

Erom the vasoconstrictor centre impulses pass down the spinal 
cord and pass out m the anterior roots to the white xami and thence 
to the sympathetic chain of ganglia from which they aie distributed 
to the whole body The reader should lefer to the description of 
the sympathetic nerves given on p 93 A certain number of fibres 
pass back by the grey rami and are distributed with the oidinary 
motor fibres m which they may be demonstrated by the effect of 
electrical stimulation 

The Vasoconstrictor Fibres— These fibres, as we have stated, 
keep the blood-vessels partially constricted, and their function was 
first demonstiated by Claude Bernard m the ear of a rabbit He 
found that division of the cervical sympathetic pioduced a ledness 
at the side of the head and of the ear m which the central arteiy 
and its branches weie seen to enlarge and many small branches not 
previously visible came into view The eai felt hotter to the touch 
On stimulating the peripheral end of the cut nerve he found that 
the ear resumed its noimal condition and indeed might become palei 
than usual owing to excessive constriction of blood-vessels 

Subsequent experiments have shown that the capillaries as well 
as the arteries are affected by such stimulation (Hookei) It has 
also been shown that the veins have a vasoconstuctoi neive supply 
(Donegan) 11 J 

Evidence of Changes in Blood - Vessels —Since Bernard’s expenmen t 
a large amount of research has been made into the nerve supply 
of vessels and various methods have been used to show the delicate 
changes which may occur m the blood supply of a part, since it is 
possible only m a very few areas to observe the vessels directly with 
the naked eye or with the microscope Fiom the experiment quoted 
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above, we have seen that 1 eel ness and heat aie the most usual 
signs of dilatation of vessels There is at the same time an 
mci eased flow of blood from the part and it appeals less venous 
than noimally Since the blood-vessels have changed m diameter, 
theie is a change m the volume of the part and this fact has been 
made the basis of what is known as Plethysmography 



Fio 114 —Plethysmograph Tlio arm, A, is enclosed in a glass tube, G, and the system made 
air tight with a rubber band, B, fitting around the arm and reflected over the outside of 
G The volume chaugi s are transmitted to and recorded by a piston recorder, R For 
short experiments air transmission is used, but for experiments of longer duration the 
apparatus is filled with water to prevent volume changes due to temperature variations 



Plethysmogi aphy — This method was introduced by Mosso 
and by its means changes m the volume of a limb or an organ 
can be recoided giaphieally The part is enclosed m an air-tight 
chamber which communicates with a delicate recorder, eg a Broclie 
bellows or an Ellis piston recorder When the part alters m 
size, an is forced out of the chamber info the reeoidei 01 the 
revel se Gieat care has to be taken that m making the air 
chamber air-tight the vessels entering the limb or organ are not 
compressed Plethysmographs are made of glass, metal, eg Hoy’s 
oncometei, or of gutta-percha (Schafer) which is specially useful 
as it can be leaclily made to fit any organ Thus the salivary 
glands, lobes of the liver or lung, kidney, spleen or coil of intestine 
can easily be enclosed m an appiopnately shaped chamber covered 
with a glass plate, and made an -tight with vaseline The use of 
the plethysmogiaph is found particularly valuable in relation to 
the lnnbs and the intestines, not only for studying the vasomotor 
nerves but also foi investigating the action of drugs on blood-vessels 
Changes m the spleen or a coil of the intestine are important as 
they indicate what is probably occurring m the whole splanchnic 
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aiea, an area capable of holding a thud of the blood of the body 
The teim splanchnic area is applied to the whole abdominal region 
which is supplied by the splanchnic neives which pass down from the 
lowei sympathetic ganglia m the thorax It includes the whole 
alimentary canal Tiom what has been said it will be undei stood 
that stimulation of eithei splanchnic neive causes a cons ti lotion of 
the blood-vessels in this region 

Eecent woik has shown that changes m the volume of a limb 
aie foi the most pait due to the skin vessels If, foi example, 
adienalme is injected into an animal the noimal limb volume is 
1 educed, wheieas if the limb is skinned the volume mci eases because 
the vessels of muscles aie dilated by small doses of this substance 

Pei fusion fiocpei iments — In these expeinnents theie is passed 
into the aiteiy supplying the pait under investigation warm Emgei ’s 
solution 01 blood under constant piessuie (about 100 mm Hg ) 
Changes m the calibre of the vessels aie shown by measunng the 
outflow fiom the corresponding vein oi by recording the resistance 
to the inflow by means of a side tube Pei fusion experiments have 
the great advantage that the effect of changes m other paits of the 
circulation, eg m the output of the heart, is excluded The method 
is specially valuable in the study of the action of diugs and 
hormones 

If a part of the body is pei fused while the remainder of the 
animal is intact, so that the perfused part only communicates with 
the lest of the animal by means of neives, it is possible by studying 
the rate of pei fusion to study the activity of the vasomotor centre 

There is also a vasodilator centre It appears to act recipro- 
cally with the vasoconstrictor centre, ic when one is stimulated, 
the othei is inhibited, and vice veisa It lies in the flooi of the 
fourth ventricle close to the vasomotor centie, but it may separately 
be stimulated electrically and bring about a fall of blood-pressure 

Normally it is stimulated by impulses which pass up from the 
arch of the aorta and the carotid smus, and which we have seen 
bring about also slowmg of the heart, via the vagus The vaso- 
dilator mechanism may, however, be stimulated m other ways, for 
example by the application of slow galvanic shocks to many 
mixed nerves, eg the sciatic Many mechanical procedures, 
such as stretching of muscles, also brmg about a fall m blood- 
pi essure presumably by stimulating the vasodilator mechanism whose 
activity is enhanced by carbon dioxide and i educed by its lack 

Vasodilator Nerves — In addition to vasoconstuctor neives, it 
seems probable that every organ also receives a supply of vasodilator 
nerve-fibres These fibres, when stimulated, cause dilatation of the 
vessels m the organ supplied A few examples of pure vasodilator 
nerves are known For example, the choida tympani is a vasodilator 



CH XIV ] 


VASODILATOR NERVES 


199 


neive to the salivary gland, while the neivus engens supplies vaso- 
dilatoi hbies to the eiectile tissue of the penis When such neives 
are stimulated thcie is all the evidence of dilatation of blood-vessels, 
hut if the neive is cut no change is obseived It appeals, then, that 
the vasodilatoi neives, unlike the vasoconstnctor neives, aie not 
constantly sending out impulses 

Vasodilatoi hbies weie shown by Stnckei to pass out fiom the 
spinal cold m the posterior neive-ioots, stimulation of which caused 
vasodilatation m the paits supplied Subsequently they join the 
mixed lieive-ti unks Thcie is evidence that the vasodilatoi neives 
to the skin act by libeiatmg vasodilatoi substances like histamine 
and acetyl-choline (sec the Autonomic Heivous System) In the 
skin vasodilatoi lellexes ot a veiy simple kind and known as axon 
reflexes (see Eellexes) have been found See also Lov6n reflex, 

p 201 

The presence of vasodilator Abies can also be demonstrated 
m mixed neives, but, since m such nerves vasoconstnctor fibres 
predominate, stimulation of a mixed nerve bungs about constrictor 
^effects, while section causes vasodilatation In older to demonstrate 
then presence m mixed neives special procedures have to be 
adopted 

1 The Method of Detjcnei ation — If the sciatic neive is cut, the 
\essels of the limb dilate This passes off m a day or two If 
the penphcial end of the none is then stimulated, the vessels are 
dilated, as the coustnctoi fibres degenerate earliest, and so a result 
is obtained due to the stimulation of the still intact dilator fibres 

2 The Method of Slowly Tntei q upted Shocks — If a mixed nerve 
is stimulated with the usual rapidly interrupted faradic current, 
the effect is constriction, but if the induction shocks are sent m 
at long intervals (eg at intervals of a second), vasodilator effects 
aie obtained This can lie readily demons tiated on the kidney 
vessels by stimulation of the antenoi loot of the eleventh thoracic 
neive m the two ways just indicated The explanation of this 
phenomenon is, presumably, that the different fibres m a mixed 
neive have not all the same excitability 

By studying the rate of flow of the blood through the sub- 
maxillaiy gland, m which the vasoconstnctor and dilator fibres 
mil separate couises, it lias been shown that if both sets of fibies 
aie simultaneously excited, constriction is produced during the 
stimulation, while marked dilatation follows aftei the stimulation 
has ceased Excitation of the constrictors alone lsjnot followed 
by dilatation These lesults explain the mode of action of slowly 
interrupted shocks, for with each there will be only a veiy slight 
constnction, while the dilator effects which run a much slower 
course will be summated to pioduce a marked effect 
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3 The Influence of Temper aim e —Exposure to a low tempeiatuie 
depi esses the coiistuctors moie than the dilatois If the leg is 
placed m ice-cold water, stimulation of the sciatic, even if it has 
only recently been divided, pioduces a flushing of the slun with blood 

4 Mechanical stimulation of a mixed neive as distinct fiorn 
electucal stimulation not infrequently causes vasodilatation It 
may be suggested that mechanical stimulation somehow mutates a 
kind of stimulation which occuis normally when the neives aie 
stimulated by the contraction of active muscles demandmg moie blood 

The Chemical Control of the Blood-Vessels 

Tins control is both central and local We have seen that caibon 
dioxide stimulates the vasomotor centre and that, m lelation to the 
capillanes, this substance and lactic acid cause dilatation ot these 
vessels These chemical substances, produced locally, take pre- 
cedence ovei nervous influences, for when the ceivical sympathetic 
is stimulated the constrictor effect is seen to weai off as soon as 
the ear becomes asphyxiated The nnpoitance of these facts is 
dealt with below Accoidmg to Fleisch the aitenoles may also 
participate m this local chemical control 

The Magnitude and Variability of the Arterial Pressure 

In view of the ease with which blood-pressuie may be deter- 
mined and the piactical impoitance of the subject, we may now 
summarise the factois which determine and vaiy its magnitude 

1 The Peripheral Resistance — This maybe reduced by removal 
of the nervous control of the blood-vessels, oi by the action of 
chemical substances It is increased snnilaily by any means which 
constuct the peripheral vessels 

2 The Elasticity of the Vessels — No change occuis physio- 
logically but m disease and m old age the vessels may degeneiate 
and become less extensible This leads to a high systolic and low 
diastolic blood-pressure 

3 The Output of the Heart — This m turn depends on (a) the 
efficiency of the heart, (&) the venous return A marked reduction 
m either causes a fall of aitenal pressure if severe but lesser degrees 
are compensated for by an increase m the penpheial resistance and 
a diminution m the capacity of the circulation* The factois which 
vaiy the venous return have alieady been discussed and may now 
be summarised They are the amount of blood m the body, the 
capacity of the circulation especially of the veins and capillaries, 
the amount of blood leaching the veins fiom the arteries, the 
respiratory movements, and massage of the vems by movement 

* From the point of view of clinical medicine it is important to note that m 
slow heart failure the blood-pressure falls only towards the end. 
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Tiie Effect of Exercise on the Circulation 

Having stated some of the moie impoitant facts m i elation to 
the control of the blood-vessels, we may now proceed to consider how 
this control is noimally used Eor convenience the vanous changes 
are descixbed as being actually brought about by exercise, but, as 
we shall see latei, some of them may anticipate the exercise 

Local Vascular Changes — We now know, from the woik of 
Krogh, that the capillaries can altei their calibre independently of 
the artenoles, although, like the latter, they are supplied with neives 
(Hooker, see Capillary Onculation, p 178) 

When exeicise takes place, there is marked dilatation of capillanes 
in the active region This has been most convincingly demons tiated 
by Kiogh By injecting Indian ink into the blood-vessels of two 
sets of flogs, in one of which the tongues had been stimulated 
to conti act for some time previously, he found on examination of 
sections that many more capillanes could be seen m the active 
muscle than m the resting tissue 

This dilatation, we may believe, fakes place as the result of the 
production of lactic acid and carbon dioxide during the activity, 
since dilatation takes place from the lactic acid produced at death 
and as a result of any pioceduie which cuts off the oxygen supply of 
the pait (see Oapillaiy Onculation) No doubt, also, other products 
of metabolism aie concerned 

At the same time, impulses appeal to pass up the sensory nerves 
fiom the active tissues and brmg about dilatation of the vessels 
supplying the pait This is suggested by the work of Lov6n, who 
found that if the afferent nerve from an oigan was stimulated, 
dilatation of the vessels m that oigan was brought about reflexly, 
although there was at the same time a rise of arterial blood- 
pressuie 

General Vascular Changes — While there is a local dilatation 
of vessels it is found that there is a maiked rise of blood-pressuie 
generally, caused presumably by a general constriction of vessels 
This constnction affects particularly the vessels of the alimentary 
canal and of the skm before body temperature rises The spleen 
also constricts This may, in part, be due to stimulation of the 
vasomotor centre by afferent neives and by carbon dioxide produced 
by the active muscles The rise in blood-pressure is also due m 
pait to a gieatly increased cardiac output 

The compression of the valved veins of the limbs propels the 
blood centrally, while the carbon dioxide, as we shall see later, 
stimulates respiration, which is such an important factor m causing 
a return of blood to the heart that it is referred to as the respiratory 
pump (L Hill) At each inspiration the descent of the diaphragm 

G 2 
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raises the piessure in the abdomen , similaily the mtiathoiacic 
pressure is reduced and blood is, theiefoie, drawn into the thoiax 

Cardiac Changes — The increased return of the blood to the 
right side of the heart brmgs about a large mciease m the cardiac 
output per minute which may be moie than six-fold This occurs 
(1) m virtue of the mcieased filling, which increases the output pei 
beat (see Filling of Heart), and (2) because of the increased heait- 
rate, which is brought about partly as a result of dnect action of 
increased venous piessure and warmer blood on the pace-maker, and 
partly through the nervous mechanism of the heart 

Theie is a diminution of the normal vagus restraint of the heart 
and mcieased sympathetic activity This is probably due to a 
variety of causes paitly and initially psychic but continued by 
reflex action once the exercise is begun The lattei effects aie 
pioduced partly by the stimulation of afferent nerves in the active 
tissues , but an important mechanism concerned is the Bambi id go o? 
? ight aw iculai ? eflex 

The Bambndge or Right Aunculai Reflex— When the piessiue 
in the right auricle rises, impulses pass up the vagi to the 
medulla to inhibit the cardio-mhibitory and to stimulate the 
cardio-accelerator mechanism, with the result that the hearl-iate 
increases This was first demonstrated by Bambndge, who injected 
saline into the veins, and it has since been shown that distension 
of a small balloon m the auricle has the same effect If the vagi 
are cut, the same degree of cardiac acceleration does not occui, but 
since some acceleration occurs after atropine, which paralyses the 
vagus-enchngs, it is evident that it is not wholly the reduction of 
efferent impulses of the vagus which is concerned It is assumed 
then that the afferent pathway of the reflex aic is the vagus nerve, 
and, since cuttmg the sympathetic nerves still fuither reduces the 
acceleration, it is assumed that noimally there is not only a reduction 
of vagus restraint, but also an increased sympathetic activity 

Central Effects — Theie is also evidence that the oxygen-want may 
cause a direct central stimulation of the sympathetic and a l eduction 
of the normal vagus restraint, thus making it possible foi the heart to 
accelerate m spite of the high blood-pressuie and the depiessoi leflexes 

In very severe exercise the rate and force of the heait may be 
still further mcreased by the secretion of adrenaline from the 
suprarenal glands, but that this does not account foi all the above 
results is shown by the fact that they occur after the suprarenal 
glands have been tied off 

The Effects of Temperature — Subsequently, if the exercise 
is prolonged, the body temperature tends to rise and the hot 
blood stimulates the heat-regulatmg centre and causes dilatation 
of the skm vessels The centre is assisted by the action of the 
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metabolites as a lesult of the increased activity of the sweat 
glands 

General Summary — Thus we see that the active muscles, 
dncctly by compiessmg the veins and mdirectly by the production 
of carbon dioxide, play an important part m returning the blood 
to the heart, while not only does the carbon dioxide dilate capillary 
vessels, but it assists m the shutting down of the vessels of parts 
not m action through its effect on the vasomotor centre Thus, as 
pointed out by Haldane, we may look upon the respiration and 
the circulation as the servants of the muscles 

The Effects of the Higher Centres — Even befoie exercise 
begins there is an acceleration of the heart and a general constriction 
of vessels, but how this effect of the higher centres is bi ought about 
is far fium clear Montal activity only will bring about similar 
effects, causing m some individuals a rise of pressure of 50 mm Hg 
above normal Even mmute amounts of mental effort were shown 
by Mosso to cause a diminution in limb volume This has been 
amply confirmed and it is considered that the diminution of the 
electncal resistance of the skin, the so-called psychogalvanic ieflex , 
which accompanies such effort, is due to this vasoconstriction, 
foi it has been shown that all circumstances which cause vaso- 
constnction of the skin (eg the injection of adrenaline or pituitnn 
or cold applied to another part of the body) cause a similai fall m 
the electrical resistance (Lewis and Zottermann) 

It has been suggested that the sweat glands are concerned m the reaction, but 
Waller has shown that atropine does not abolish the reaction, and profuse sweating 
docs not cause such a fall unless the skm has been dry It is probable, how- 
ever, that if the sweat glands and the vessels thereto are absent, as sometimes 
occurs, the re retion also is absent The suggestion that the reaction is not 
really due to a change in lesistance is negatived by the observation of Appleton 
m Cambridge that the reaction, occurs if an alternating cunent is used in the 
determination of the resistance It is possible, however, that changes m electncal 
potential also take place 

The electrical resistance depends on the superficial layers of the 
epidermis, wlncli accoidmg to Densham aie deformed by the vaso- 
consti lotion of the underlying vessels of the dermis Since similar 
changes occur on sensoiy stimulation m animals and m man, if such 
stimulation is merely threatened the so-called effects of the higher 
centies may be looked upon as being m some way due to a 
“ conditioned sensory stimulation ” 

Effect of Gravity on the Circulation 

The mam effect of gravity is that the veins are filled with 
blood m the part which is placed clown Thus, if an animal is 
placed suddenly with its legs hanging down, less blood returns to 
the heart, and the blood-piessuie in the arteries falls temporarily 
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in consequence If the vasomotoi system is acting propel ly, how- 
ever, the blood-pressuie rapidly returns fco normal as the fall of 
hlood-piessure together with the partial ceiebial antenna causes 
stimulation of the heart and of the vasomotoi ccntie and vaso- 
constuction of the splanchnic area If the vasomotoi centio is 
inefficient, the caichac acceleration is all the moie maiked Leonaid 
Hill suggests that this might be used as a test of vasomotoi efficiency 
At the same time increased respiration causes an mci eased letuin 
of blood to the heart (see Effect of fiespiration on Circulation) 

A very striking illustration of the effect of gravity on the circula- 
tion can be demonstrated on the eel The animal is anaesthetised, 
and a small window is made m the body wall to expose the heart 
If the animal is then suspended tail downwards, the beating heart is 
seen to be empty of blood , all the blood accumulates m the tail and 
lower part of the body, the animal has no “ respiratory pump,” such 
as a mammal possesses, to overcome the effects of gravity If, how- 
ever, the animal, still with its tail downwards, is suspended m a 
tall vessel of water, the pressure of the water outside its body 
enables it to overcome the hydrostatic effect of gravitation, and 
the heart-cavities once more fill with blood duiing every diastole 
Another experiment was originally performed by Salathe on a 
“ hutch ” rabbit If the animal is held by the ears with its logs 
hanging down, it soon becomes unconscious, and if left m that position 
for about half an hour it will die This is due to anemia of the 
brain , the blood accumulates m the very pendulous abdomen which 
such domesticated animals acquire, the vasomotor mechanism of 
the splanchnic area is deficient in tone, and cannot be set into such 
vigoious action as is necessary to overcome the effects of giavity. 
Consciousness is, however, soon restored if the animal is placed m a 
horizontal position, or if while it is still hanging vertically the abdomen 
is squeezed or bandaged A wild rabbit, on the other hand, suffers no 
inconvenience from a vertical position , it is a more healthy animal 
in every respect , its abdomen is not pendulous, and its vasomotor 
power is intact It may be shown that carbon dioxide is necessaiy for 
the adequate response of the vasomotor centre to posture (M'Dowall) 
An animal may respond perfectly if the carbon dioxide is noimal, 
but if it is over-ventilated it no longer responds Some poisons 
show the same reaction 

The tiansient giddiness experienced after an illness on assuming 
the erect posture is due to similar ceiebral anaemia The debility 
following influenza is m part due to this cause , in some instances 
the arterial piessure, although normal m the horizontal position 
tails to under 80 m the erect posture 
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The Effect of Hjmokehage 

The effects of hemorrhage depend on its severity and its 
duration, and are impoitant as by them the clinician diagnoses 
internal hemonhage 

If a small amount of blood is removed from the body theie is 
a temporary fall of arterial blood-pressure during the removal from 
which there is rapid recovery This recovery is due largely to 
increased activity of the vasomotor centre as a result of the reduction 
of the depiessoi impulses which pass up from the arch of the 
aorta and the carotid sinus (Heymans) and to stimulation of the 
vasomotor centre by the fall of venous pressure which also occuis 
(M'Dowall) The pi esence of such pressor fibres m the vagi is shown 
by the fact that after severe haemorrhage section of the nerves causes 
a fall of arterial pressure (Pavlov) The activity of the vasomotor 
centie causes the spleen to constrict and to throw into the circulation 
its leserve of blood It causes also constriction of the vessels of 
the intestine and of the skin, which leads to obvious pallor Tins 
constriction of vessels increases the peripheral resistance and hence 
the fall of venous piessuie which persists much longer than the 
arterial fall 

If the haemorrhage is severe the recovery process is slower, but the 
blood volume is rapidly made up from the tissue fluids which enter 
the blood as a result of the fall m capillary pressure If the 
hsemoirhage is repeated over a period of weeks the yellow marrow 
of the bones becomes red thiough mcreased activity and commences 
to form blood-corpuscles 

The heart-rate is markedly increased by hsemorrhage as a result 
of a reduction m the impulses which normally depress the heart 
via the vagus centie In severe haemorrhage the oxygen-lack 
produced also stimulates the sympathetic, but there are several points 
in relation to the cause of the mcreased heart-rate which still need 
investigation 

The respiration, we have seen, at first becomes deepei and more 
rapid , it then changes its character, inspiration being more prolonged 
(air hunger) Finally, there is gasping and the centre fails The 
initial increased /activity (air hunger) greatly aids the return of 
blood to the heart (see p 280 ) 

Unless a large vessel is opened haemorrhage is for various reasons 
seldom fatal The damaged blood-vessel retracts and contracts, 
and this, together with the clotting of the blood, tends to close the 
opening, while the formation of the clot is facilitated by the fall of 
arterial pressure Foi these reasons section even of such a large 
vessel as the radial artery may not cause death 



206 


THE CONTROL OF THE CIRCULATION 


[CH XIV 


Local Peculiarities of the Circulation 

The Coronary Circulation — A separate blood supply to the 
heart is peculiar to animals above the lep tiles In mammals the 
amount of the coronary flow is remarkable, and it is estimated that 
it takes about a quarter of the total caidiac output * This has been 
ascertained in a heart-lung preparation (gw) m which it is easy to 
measure the output by collecting the blood as it flows from the 
coronary smus by means of a special cannula The flow m the 
coronal y artery practically ceases during the systole of the heart 
which can be looked upon as massaging the coronary cnculation, 
the flow from the venous smus being greatest at the beginning 
of systole 

As m muscles generally the flow is increased by exeicise, by 
oxygen-want, and to a lesser extent by excess of carbon dioxide 
In exercise it is calculated that the flow may amount to as much 
as 14 litres per minute 

The flow varies according to the mean aortic blood-piessure 
Anrep and Segall found that a rise of pressuie from 50 to ISO mm 
Hg would cause a rise from 20 to 250 c c per minute m the denei vated 
heart-lung preparation As the cardiac output increases, so also 
does the cardiac flow when the cardiac nerves are intact 

The vessels are constricted by stimulation of the vagi and 
dilated by sympathetic stimulation or by adienalme The muscle 
of the heart then appears m this respect to be little different fiom 
the voluntary muscles which it serves 

The Cerebral Circulation — The brain must always be supplied 
with blood, for otherwise immediate loss of consciousness would 
follow Four arteries — two caiotids and two vertebrals — are supplied 
to the brain, and these anastomose together m the circle of Willis 
Two of the biam arteries can be tied m monkeys, and three or even 
all four m dogs, without the production of serious symptoms In 
the last case enough blood reaches the brain by branches from 
the supenor intercostal arteries to the anterior spinal aitery The 
sudden occlusion of both carotids causes loss of consciousness The 
large venous trunks oi sinuses are formed so as to be scaicely 
capable of change of size, surrounded, as they aie, by the tough tissue 
of the dura mater, and, m some instances, bounded on one side by 
the bony cranium There are no valves between the veitebial veins 
and the vena cava, and hence any raising of the geneial venous 
pressure m the thorax or abdomen is communicated to the biam, 
a fact which no doubt contributes to the occurrence of ceiebral 
hsemonhage when straining at stool 

* It is doubtful if this figure holds for the intact animal although it is true of 
the heart-lung preparation (Anrep) 
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Since the hi am is enclosed m the rigid cianium, it used to be 
thought that the quantity of blood must be the same at all times 
and that changes m the blood-flow must be dependent on the con- 
dition of vessels m othei parts of the body The aiteries, however, 
have muscular walls and aie supplied by nerves 

In 1928 Forbes and Wolff, by introducing a window into the 
skull m oidei to maintain the normal environment of the vessels, 
were able to obseive that the vessels contract when the cervical 
sympathetic is stimulated and dilate on stimulation of the central 
end of the vagus Indeed, the cerebral vessels have been shown to 
react to various piocedures exactly as do the vessels elsewheie 
The exact significance of these facts is not quite clear It may be 
that when a local change m the vessels takes place theie is com- 
pensatory change m other parts, or it may be that the cerebral fluid 
within the cianium may change appreciably m quantity It seems 
possible that when one pait of the bram is active, other parts of the 
bram become less active, indeed, it is common expenence that we 
cannot use the whole of the biam at once The physiology of 
attention may depend on these facts Of interest m this lespect 
is the mteiestmg obseivation that the intravenous injection of 
hypeitomo saline causes a distinct reduction of the volume of 
the bram 

These expemnonts confirm the work of Weber, 1908, who 
found a diminution of bram volume on stimulation of the cervical 
sympathetic Several workers, particularly Wiggers, have demon- 
strated that the vessels aie constricted by adrenaline 

At the same time the cerebial cn dilation is profoundly influenced 
by the general blood-pressute If this falls, the blood-flow through 
the bram may ho so reduced that unconsciousness occurs, as m 
fainting, when the vessels of the body generally become dilated 

It is not the volume of the blood so much as the velocity of its 
flow which is altered m the hi am by changes m the general circula- 
tion If the aoitic pressure rises and the vena cava pressuie remains 
constant, there is mei eased velocity of flow While if the aoitic 
pressure remains constant and the vena cava pressure rises, there is 
diminished velocity of flow 

The bram presses against the cranial wall with a pressure equal 
to that m the ceiehial capillaries A foieign body introduced 
within the cranium, such as a blood-clot or depressed bone, pioduces 
local amemia of the hiam, by occupying the room of the blood So 
soon as the capillaries are thus obliterated the pressure is raised to 
artenal pressure The senous results that follow cerebial com- 
pression are primarily due to obliteration of the blood-vessels, and 
consequent ana mia of the bram A very small foreign body will, 
if situated m the legion of the bulb, produce the gravest symptoms, 
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for it causes anaemia of the centies which control the vascular and 
respiratory systems The cerebral hemispheres may, on the othei 
hand, be compressed to a large extent without causing a fatal result 
The major symptoms of compression anse as soon as any local 
increase of pressure is transmitted to the bulb and causes anaemia 
there First the centres are stimulated, vasomotor, caidio-accoleratoi 
and cardio-mhibitory — in that order — and later they all are paialysed, 
together with the respiratoiy centre, and death lesults if the com- 
pression is not relieved 

In Erectile Structures —The instances of greatest variation in the quantity of 
blood contained, at different times, in the same organs, are found in certain 
structures which, under ordinary conditions, are soft and flaccid, but, at certain 
times, receive an unusually large quantity of blood, become distended and swollen 
by it, and pass into the state which has been termed erection Such structures are the 
corpora cavernosa penis and cwpus cavernosum urethree in the male, and the clitoris 
in the female The corpus cavernosum penis, which is the best example of an erectile 
structure, has an external fibrous membrane or sheath , and from the inner surface 
of the latter are prolonged numerous fine lamellae which divide its cavity into small 
compartments Within these is situated the plexus of veins on which the 
peculiai erectile property of the organ mainly depends It consists of short veins 
which very closely interlace and anastomose with each other in all directions, and 
admit of great variations of size, collapsing in the passive state of the oigan, but 
capable or an amount of dilatation which exceeds beyond comparison that of the 
arteries and veins which convey the blood to and from them The strong fibrous 
tissue lying m the intervals of the venous plexuses, and the external fibrous 
membrane or sheath with which it is connected, limit the distension of the vessels, 
and during the state of erection, give to the penis its condition of tension and firm- 
ness The same general, condition of vessels exists m the corpus cavernosum 
urethrae, but around the urethra the fibrous tissue is much weaker than around the 
body of the penis, and around the glans there is none The venous blood is 
returned from the plexuses by comparatively small veins For all these veins one 
condition is the same , namely, that they are liable to the pressure of muscles when 
they leave the penis The muscles chiefly concerned m this action are the erector 
penis and accelerator urmae Erection results from the distension of the venous 
plexuses with blood The principal exciting cause m the erection of the penis 
is nervous irritation, originating in the part itself, and derived reflexly from the 
brain and spinal cord The nervous influence is communicated to the penis by the 
pudendal nerves, which ramify in its vascular tissue , and after their division the 
penis is no longer capable of erection 

Erection is not complete, nor maintained for any time except when, together 
with the influx of blood, the muscles mentioned contract, and by compressing the 
veins, stop the efflux of blood, or prevent it from being as great as the influx 

The circulation in the Lungs t Liver , Spleen , and Kidneys is described in our 
study of those organs 


The Colour of the Skin 

Since this is so important m disease and depends largely on the 
skm vessels it is included at this stage Several different states are 
met with 

1 The aitenoles, capillaries, and venules may be constricted 
This causes the skm to be pale and cold and occuis typically m 
haemorrhage and m shock A less marked palloi occurs when there 
is a deficiency in haemoglobin m the blood 
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2 The arterioles, capillaries, and venules may be dilated This 
causes the skm to be red and warm It occtus typically m 
inflammation and after irritation of the skm 

3 The arterioles and venules may be dilated but the capillaries 
constricted This causes a hot pale skm, which occurs sometimes m 
feveis and after loss of the neive supply, since the capillaries but 
not the arteries may regain their tone 

4 The arterioles and venules may be constricted but the 
capillanes dilated This causes a cold blue skm, since blood trapped 
m the skm capillaries loses its oxygen It occuis m the 
extremities when exposed to severe cold and represents the attempt 
of the body to conseive heat 

Whethei the skm is blue oi pmk when the circulation is noimal 
depends on the coloui of the blood itself, and particularly on the 
amount of reduced haemoglobin m the aitenal blood When the 
total haemoglobin of the blood is low as in anaemia the patient is 
pale and even m mild asphyxial states does not become blue since 
the amount of reduced haemoglobin is not sufficient to pioduce this 
colour 
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T II K LYMPHATIC SYSTEM 

As the blood circulates tlnough the capillaries, some of its liquid 
constituents exude tlnough the thin walls of these vessels, carrying 
nutnment and oxygen to the tissue cells This exudation is called 
lymph, it receives horn the tissues the products of their activity, 
and is collected m the lymph channels, which converge to the 
thoracic duct— the mam lymphatic vessel — and thus once more 
enters the blood-stieam at the junction of the left internal jugular 
and left subclavian vein (fig 115) Theie is a smaller duct' on the 
right side 

Lymph is therefore a thud, which comes mto much more intimate 
relationship with metabolic piocesses m the tissues than the blood 

Lymphatic Vessels 

The lymph is gathered up and carried back again to the blood 
by a system of vessels called lymphatics 

The principal vessels of the lymphatic system are, in structure, 
like small thin-walled veins, provided with numerous valves which 
give them a beaded appearance They commence m fine microscopic 
lymph capiUai ics , in the organs and tissues of the body The fluid 
which they contain, passes m one direction only from the fine 
branches to the trunk, and so to the large veins, on entering which 
it is mingled with the stream of blood The lymphatic vessels of 
the intestinal canal axe called lactcals , because during digestion (if 
the meal contains fat) the fluid contained m them resembles milk 
m appearance , and the lymph m the lacteals during the period of 
digestion is called chyle Chyle is lymph containing finely divided 
fat-globules We shall see presently that m some part of its course 
the lymph-stream passes through lymphatic glands 

Origin of Lymph Capillaries — The lymphatic capillaries com- 
mence most commonly either (a) in closely-meshed networks (see 
fig 116), or (5) m li regular lacunai spaces, lined by endothelium, 
between the various structures of which the different organs are 
composed These spaces, according to some authors, freely com- 
municate with the cell spaces of the tissues , but MacCallum holds 
218 
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that no such communication exists, and that the lymphatics aio 
everywhere closed at their oiigms like the lacteals winch ongiuate 
as blind dilated lymph spaces m the villi of the small intestine (see 
fig 196) 

The structure of lymphatic capillanes is veiy sinnlai to that 
of blood capillaries , their walls consist of a single layei of elongated 
endothelial cells with sinuous outline, which cohere along then edges 


Lymphatics of head and 
neck, right 

Right internal jugular 
vein 

Right subclavian vein 


Lymphatics ofright arm 


Receptaculum [cisternal 
chyli 


Lymphatics of lower e\ 
tremities 



Lymphatics of lund and 
in clc, loft 


Thor loio duct 
Left hiibol u i in vein 


Thoracic duct 


Lncl< Us 


Lymphatics of lower c \ 
trcmitu s 


Fig 115 -Diagram of the principal groups of lympathic vessels (From Quain ) 


to form a delicate membrane They differ from blood capillanes 
mainly m their larger and very variable calibre, m the piesence of 
valves, and, possibly, in their numerous communications with the 
spaces of the tissues 


In ceitam parts of the body, stomata exist, by which lymphatic 
capillaries directly communicate with parts formeily supposed to 
be closed cavities They have been found in many serous 
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inembuinefe, a .scions cavity 1,1ms foims a laige lymph-smus or 
widening out of the lymph-capilLuy system with which it dnectly 
commiuueates J 


V 



Fig 11(i — Ly mplmtn h of mitral tuulon of rabbits diaphragm, stainod witli feilver nitrate The 
shathd batktfrtmnd i« tomposni of butulliH of white fibres, between which the lymphatics lie 
l, Lymphatic h Inn d by twin narrow rndotln lull ulls, and showing v valves at frequent intervals 
(S( hoiiold ) 

Lymphatic Glands 

Lymphatic glands ^ round 01 oval bodies varying m size 
fiom a hemp-seed to a I nun, mtoi posed on the eouise of the lymphatic 
vessels, anil through which the lymph passes m its course to be 
discharged into the blood-vessels They aie found m gieat numbers 
m the mesentery, and along the gieat vessels of the abdomen, thorax, 
and neck, m the axilla and gtom, a few in the popliteal space, and 
m the aim as far down as the elbow 

A lymphatic gland is coveted externally by a capsule of con- 
nective tissue, generally containing some unstnped muscle At the 
inner side of the gland, the capsule sends inwards processes called 
trabcudcc in which the blood-vessels aie contained, and these join 
with other processes piolonged from the inner surface of the 
part of the capsule covering the convex or outer part of the 
gland, they have a structure similar to that of the capsule, 
and, entering the gland Irom all sides and fieely communicating, 
form a fibrous scaffolding The interior of the gland is seen on 
section, even when examined with the naked eye, to be made 
up of two paits, an outer or eoitual, which is light coloured, 
and an inner or medulla 1 ) y poition of redder appearance (fig 
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117) In the outer part, or cortex, of the gland tlio intervals 
between the trabecula are laige and regular they are termed 
alveolt, whilst m the moie central or medullary part is a 
finer meshwork formed by an lrregulai anastomosis of the 
trabecular processes Within the alveoli of the cortex and in the 
meshwork formed by the trabecula in the medulla, is contained 
lymphoid tissue, this occupies the central part of each alveolus, 
but at the periphery, surrounding the central poition and immediately 



Fig 117 — Diagrammatic section of lymphatic gland a l , Afferent, el, ofU rent lymphatics, C, 
cortical substance , l h , lymphoid tissue ,ls, lymph, path , c , fibrous capsule sending trabecula; , 
tr into the substance of the gland (Sharpey ) 


next the capsule and trabeculae, is a more open meshwoik of letitoim 
tissue constituting the lymph-path, and containing but lew lymph- 
corpuscles At the inner part of the alveolus, the cential mass 
divides into two or more smaller rounded or cord-like masses which, 
joining with those from the othei alveoli, form a much closer 
airangement than m the cortex, spaces (fig 118 h) aie left within 
these anastomosing cords, m which are found portions of the 
trabecular meshwork and the continuation of the lymph-path 
The lymph enters the gland by several afferent vessels, which 
pierce the capsule and open into the lymph-path , at the same time 
they lay aside all then* coats except the endothelial lining, which is 
continuous with the lining of the lymph-path The efferent vessels 
begin in the medullary part of the gland, and are continuous with 
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the lymph-pa-th heie as the afferent vessels aie with the coitieal 
portion 

The efleient vessels leave the gland at the Ulus, and eithei at 
once, or very soon aftoi, join together to foim a single vessel 
Blood-vessels which ontei «uid 

leave the gland at the lulus aie fflfflllilb, 

fieely distubuted to the tiabeou- iMimmlM 

lai and lymphoid tissues 


Composition of Lymph 

Lymph is alkaline to litmus, 
its specific gravity is about 1015, 
and after it leaves the vessels 
it clots, forming a colourless 

coagulum of fibnn It is like 11 

blood-plasma m composition, luit O^^rf/v ! t§ 

diluted so far as its protein con- /J| o f jj| 

stituents are concerned This is ffl ^Sr H 

due to the fact that piotoms do ji fifl 

not pass leadily thiough mem- ji * jlfl t IH 

branes TJie salts aie snnilai ™f tT\r\Mr 11 

to those of blood-plasma, and aie fl® 

present m about the same pio- U\\ ® 

poi Lons (Jhloiides, howevei,aie ^ 

more abundant III lymph than 111 no 1JS — Asmall portion of modullary substance 

blood The waste pmduets, such 

as oaibonic .«ad and men, aie C Un out 0 ™ ‘slowTmppSnl 

also more abundant moshwork of retiform tissue and its capillary 

-,, r , , , i , i blood vessels (which, have been injected, and 

When examined with the are dark m the figure), 6, b, lymph path, of 
nmrtwiuwn + bn i , which the retiform tissue is represented only 

microscope tiie uianspaient ate, c x soo (Koinker) 

lymph is found to contain ooi- 

puscles, which aie called lymphocytes , these are cells with large 
nuclei and compaiatively little protoplasm They pass with the 
lymph into the blood, and constitute theie one of the varieties of 
colourless blood coipuscles They aie added to the lymph whei ever 
it passes tlnough lymphoid tissue, eg lymphatic glands, tonsils, etc 


I< io 1 Jb —A small portion of medullary substance 
from a mesenteric gland of the ox cl, d, Trabec 
ul c , tt, part of a cord of lymphoid tissue from 
which all but a few of the lymph corpuscles 
have been washed out to show its supporting 
moshwork of retiform tissue and its capillary 
blood vessels (which have been injected, and 
are dark m tlie figure) , 6, b, lymph path, of 
which the retiform tissue is represented only 
at c, c x 800 (Kolliker ) 


Tlie Lymph-Flow 

The how oi the lymph towaids the point of its dischaige into the 
veins is brought about by several agencies With the help of the 
valvular mechanism all occasional pressure on the exterior of the 
lymphatic and lacteal vessels propels the lymph onward, thus 
museulai and othei external pressure aeceleiates the flow of the 
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lymph as it does that of the blood m the veins The action of the 
muscle-fihies of the small intestine, and the layei of unstuped 
muscle piesent m each intestinal villus, assists m piopellmg the chyle , 
in the small intestine of many animals the chyle has been seen 
moving with intei mi ttent piopulsions that correspond with the peri- 
staltic movements of the intestine For the geneial propulsion of 
the lymph and chyle, it is piobable that, in addition to external 
pressure, some of the force is derived fiom the conti actility of the 
vessels’ own walls The lespiratoiy movements, also, favoui the 
current of lymph through the thoiaeic duct as they do the cunent 
of blood in the thoracic veins 

Relation of Lymph and Blood 

The volume of blood m the body lemams lemaikably constant 
If the amount is increased by injection of fluids, its specific giavity 
is at first lessened, but m a shoit time, often m a few minutes, it 
returns to the normal The excess of fluid is got rid of m two ways 
(1) by the kidneys, which secrete piofusely , and (2) by the tissues, 
winch become more watery m consequence Aftei the lenal aitenes 
are ligatured, and the kidney is consequently thiown out of action, 
the excess of water passes only into the tissues 

On the other hand, a deficiency of blood (foi instance, aftei 
haemorrhage) is soon lemeclied by a tiansfei of watei fiom the 
tissues to the blood through the mtei mediation of the lymph This 
may be looked upon as being bi ought about by the fall m the nonual 
filtiation piessuie m the capillanes 

It may, m severe haemoirhage, be desnablo to tiansiuse 1 flood 
fiom another person oi to provide a blood substitute Seveial pie- 
cautions have, however, to be taken m such circumstances (see Blood 
Substitutes) 

Formation of Lymph 

Carl Ludwig taught that the lymph flow is conditioned by two 
factors fizst, differences m the pressure of the blood m the capillaries 
and of the fluid in the tissue spaces, giving rise to a filto ation of fluid 
through the capillary walls, ancj secondly, chemical differences 
between these two fluids, setting up osmotic interchanges through the 
wall of the blood-vessel (See Physical Chemistiy later ) 

If the lymph is produced by a simple act of filtiation, then the 
amount of lymph must rise and sink with the value of I) — <1 } D 
representing the capillary blood-piessure, and d the piessuie m the 
tissue spaces 

In support of this mechanical theory, various workers m Ludwig’s 
laboratory showed that increased capillary pressure due to obstruction 
of the venous outflow mci eases the amount of lymph formed , and 
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that diminution of the pressuie m the lymph spaces, by squeezing 
out the lymph previously contained m them, leads to an increase m 
the transudation 

On the othei hand, theie were some facts which could not be well 
explained by the filtiation theory, among which may be mentioned 
the action of cuiaie m causing an increase of lymph flow 

Heidenham was the fiist to recognise fully that the laws of 
filtiation and osmosis as applied to dead membranes may be con- 
sideiably modified when the membranes aie composed of living cells , 
and he consideied that the foimation of lymph is due to the selective 
oi secretoiy activity of the endothelial walls of the capillanes This 
so-called vital action of the endothelial cells is seen m the fact that 
aftei the injection of sugai into the blood, in a short time the pei- 
centage of sugar m the lymph becomes highei than that m the 
blood Theie must, theiefore, be some activity of the endothelial 
cells m picking out the sugai from the blood and passing it on to 
the lymph The excess of chlondes m lymph is also in favour of 
the same view 

Heidenham was the inventor of the term lymphagogues (literally, 
lymph duvers) These are substances which, like cuiare, have a 
specific action m causing an increased lymph flow Heidenham 
consideied that the majonty of these act by stimulating the endo- 
thelial cells to activity This conclusion, however, has been subjected 
to much cuticism Stalling showed that the influence of vital 
action is not so maiked as Heidenham supposed it to be but that 
most of the phenomena m connection with lymph formation can be 
explained by the simplei mechanical theoiy Starlmg considered 
that the amount of lymph produced m any part depends on two 
factors — 

1 The piessuie at which the blood is flowing through the capil- 
lanes Heidenham took the arterial pressure m Ins experiments as 
the measuie of the capillaiy piessuie, Starling pomted out, very 
justly, that this is incorrect, as there is between the arteries and the 
capillanes the unknown penpheral resistance m the arterioles 

2 The permeability of the capillary wall This varies enormously 
m different legions, it is greatest m the liver, so that an mtra- 
capillary pressure which would cause lymph to flow here is without 
effect on the pioduction of lymph m the limbs Liver lymph is also 
richer m protein than lymph from the limbs 

The flow of lymph may therefore be increased m two ways — * 

1 By mci easing the mtracapillary pressure This may be done 
locally by ligaturing the veins of an organ, or generally by injecting 
a laige amount of fluid into the circulation, or by the injection of 
such substances as sugar and salt (Heidenham’s second class of 
lymphagogues) into the blood These attract water from the tissues 
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into the blood, and thus increase the volume of the cnculatmg fluid 
and raise the mtracapillaiy pressure 

2 By increasing the permeability of the capillary wall by injuring 
its vitahty This may be done locally by scalding a part, or 
generally, by injecting certain poisonous substances, such as peptone, 
leech extract, decoction of mussels, etc (Heidenham’s fust class of 
lymphagogues) These act chiefly on the liver capillaries, cuiaie 
acts chiefly on the limb capillaries In dropsy due to impaired 
venous return, it has been shown by Bolton that the diminished 
vitality of the capillary walls due to lack of oxygen is quite as 
important as the increased capillary pressure, since when for 
example the inferior vena cava is ligatured the onset of oedema is 
not immediate, but when once established continues foi an appreciable 
time after the ligature has been removed Mild degrees of this 
oedema may appear m the feet of normal persons if they stand foi 
a long time and be sufficient to make the shoes feel tight In this 
case there has been an increased capillaiy pressuie produced as 
a result of an inefficient return of venous blood 

A third factor is the activity of the tissues when this increases, 
the lymph is increased, because the products of metabolism pass 
out into the lymph and raise its osmotic pressuie Consequently 
moie water is attracted out of the blood into the lymph Heie 
we may have the explanation of the stiffness which follows un- 
accustomed exeicise The muscles become swollen and painful as 
a result of increased tension, due to then taking up fluid fioxu 
the blood 

Lymph formation is thus mainly influenced by the physical 
conditions present, and the action of such thm cells as those of the 
capillary wall cannot be sufficiently great to counteract entirely 
these conditions, at the same time it is impossible to deny that 
there may be some such action as may be described by the terms 
“selective” or “secretory” The question is closely 1 elated to that 
of absorption from the alimentary canal, and we shall find m 
studying that subject that there has been a similar difference of 
opinion, but that recent research has confirmed the theory of 
selective activity of the absorptive epithelium It has to be borne m 
mmd, however, that the columnar epithelial cells lining the intestine 
are very different from the thm endothelial membrane which forms 
the capillary wall 

Fischer has advanced a theory of dropsy or oedema He believes that circulatory 
conditions are of minor importance, but that the mam factor leading to transudation 
of water into the tissues is to be found m the tissues themselves He finds that 
colloids imbibe more water from an acid solution than under other conditions He 
therefore believes that it is the accumulation of acid products (such as lactic acid) 
m the tissues that determines their increased affinity for water, and thus they 
attract it out of the blood. This would still further increase the effect of increased 
permeability 
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CHAPTER XVI 


THE SPLEEN 

The Spleen is situated to the left of the stomach It is of a 
deep red colour and of vanable shape Externally it is almost 
completely co vexed by a seious coat derived from the peritoneum, 
while within this is the proper fibrous coat or capsule of the organ 
The latter contains numerous elastic fibres and a large amount of 
unstnated muscular tissue Prolonged fiom its inner surface are 
fibrous processes ox trabeculae, containing much unstnated muscle, 
which enter the interior of the oigan, and, dividing and anastomosing 
m all paits, form a supporting framework m the interstices of which 
the proper substance of the spleen (spleen-pulp) is contained 

The spleen-pulp , which is of a dark red or reddish-brown colour, 
is composed chiefly of red and white cells m diffeient stages of 
formation and destruction, embedded m a netwoik formed of fibres, 
and the branchings of large nucleated cells 

Vessels enter and leave the organ at a depression called the 
hilus The endothelial cells of the capillanes become contmuous 
with those of the splenic network, an arrangement which readily 
allows corpuscles to be swept into the blood- stream 

In a section of the spleen can be seen, usually with the 
naked eye, scattered, rounded whitish spots, £ to £ mm m diameter 
These are the Malpighian corpuscles, and are situated on the sheaths 
of the minute splenic aitenes The stiuctuie of a Malpighian 
coipuscle is practically identical with that of a lymphoid nodule 
The spleen has the following functions — 

(1) The spleen, like the lymphatic glands, is engaged m the 
f 01 nation of colourless blood-corpuscles, for the blood of the splenic 
vein contains an unusually laxge proportion of lymphocytes 

Removal of the spleen is not fatal , but after its removal 
there is an overgrowth of the lymphatic glands to make up for 
its absence 

(2) It plays an important part m some animals, especially 
young, m the formation of led blood-coipuscles, and m these when 
the spleen is removed the led bone-man ow hypertrophies 
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(3) It also assists m the destruction of effete red blood- 
corpuscles and is therefore rich in lipides — cliolesteiol and lecithin 
and m iron, of which it may be considered a storehouse 

(4) The spleen participates m nitrogenous metabolism, especi- 
ally m the formation of uric acid (see Uric Acid formation) 

(5) Besides these functions the spleen plays some part as a 
storehouse of blood (Baicroft), although to what extent this is 
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Fig 119 -—Section of injected dogs spleen c, Capsule, tr , trabeculee, to, two Af ol o !rt,Ti fl i bodies with 
numerous small arteries and capillaries , a, artery , l, lymphoid tissue, - _ osely packf d 

lymphoid cells supported by very delicate retiform tissue , a light space unoccupied by cells is soon 
all round the trabecula, which corresponds to the “ lymph path ’ m lymphatic glands (Schofield) 


important is difficult to estimate for an organ of its size It has 
long been known that it contracts during gastric digestion By 
use of the plethysmograph Schafer and Moore demonstrated that it 
could be made to contract by a large number of diffeient procedures 
Thus if the splenic nerves are cut, the organ lelaxes, if now the 
peripheral ends are stimulated it contracts Apparently it is 
controlled by the vasomotor centre, since it contiacts when the 
centre is stimulated by accumulation of caibon dioxide or bj 
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sensory stimulation, or when any part of the efferent pathway fiom 
the centre to the spleen, eg the spinal cord, certain anterior nerve- 
roots and splanchnic nerves, is stimulated In exercise also when 
the vasomotor centre and sympathetic nervous system generally 
are active the spleen is markedly reduced m size, as Barcroft has 
recently shown m the dog, by bringing the organ permanently 



Pig 120 —A record of blood pressure and of spleen movements taken by tying threads to each 
end of the spleen of a cat and connecting them over pulleys to a lever Upward movement in 
the splenic tracing indicates contraction The record shows the contraction of the spleen 
caused by the intravenous injection of adrenaline The vagi were intact and the rise of blood 
pressure is not so large as it otherwise might have been (McDowall ) 


to the surface, so that it may be observed under varymg con- 
ditions 

A striking fact regaidmg the spleen is the surprising speed with 
which it may contract or relax (fig 120) It may also exhibit 
spontaneous rhythmical changes m size 

It must, however, be understood that this power of acting as a 
storehouse for blood is probably shared by many of the other 
abdominal organs, especially the intestine 

H 
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Haamolymph Glands 

The existence of glands which paitake of the nature both of the 
spleen and of lymphatic glands, has long been known They have 
been fully investigated by Lewis He finds them m most mammals, 
and they can be readily distinguished fiom ordinary lymphatic glands 
by their red colour He divides them into (1) hcemal glands , which are 
characterised by the fact that the sinuses contain blood only , the 
spleen is in fact a large haemal gland, and (2) hcemal lymphatic 
glands , m which the sinuses are filled with a mixture of blood and 
lymph. 
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RESPIRATION 

The term respiration in its wide sense includes all the processes and 
mechanisms by which the tissues of the body take up oxygen and get 
rid of carbon dioxide The tissues are brought into relationship with 
the outside woild indirectly by means of the blood which transports 
the gases, and m order to effect the exchange of gases lapidly the 
blood is spread out m a very thin but extensive layer, where it 
comes almost immediately mto contact with the air, being separated 
only by a thin membrane In order to provide the large area needed 
there has been evolved in many animals two specialised organs, lungs, 
m which the air is changed periodically by the mechanism of 
breathing. In fishes, the gills m contact with the water have a 
similar function It is to be understood that the lungs are not in 
any manner the seat of any special combustion processes Those 
processes take place m the tissues themselves 


The Respiratory Apparatus 

The respiratory apparatus consists of a pair of lungs and the 
air-passages which lead to them 

The Lungs are contamed in the chest or thorax, which is a closed 
cavity having no communication with the outside except the trachea 
or windpipe 

The Larynx is at the upper end of the trachea, and will be 
described in connection with the voice 

The Trachea and Bronchi — The trachea is essentially a tube of 
fibro-elastic membrane, within the layers of which is embedded a 
series of cartilaginous rings These rings extend only around the 
front and sides of the trachea (about two-thirds of its circumference) 
and are deficient behind, the interval between their posterior 
extremities is bridged over by a continuation of the fibrous membrane 
m which they are enclosed and by a layer of unstriped muscle The 
rings are of great value m maintaining the patency of the windpipe 
The inner surface of the trachea is lined with ciliated epithelium * 
this, together with the basement membrane on which it rests, 
and a deeper layer of loose connective tissue, forms its mucous 

229 



230 


respiration 


[oh XVII 


membrane Opening on to the 
of underlying mucous glands 
The two bronchi into which 



Fig 121 —Outline showing the general form 
of the larynx, trachea, and "bronchi, as 
seen from the front h, The great cornu of 
the hyoid bone , e, epiglottis , t, superior, 
and t', inferior cornu of the thyroid caxti 
lage , c, middle of the cricoid cartilage , 
tr, the trachea, showing sixteen cartila- 
ginous rings , 6, the right, and V, the left 
bronchus The right bronchus is here 


surface of the latter are the ducts 

the trachea divides, resemble the 
trachea m structure, with the 
difference that m them there is a 
distinct layer of unstriped muscle 
arranged circularly beneath the 
mucous membrane and forming 
the muscularis mucosce 

The bronchi divide into many 
branches the laigest of which have 
walls formed of fibrous tissue, con- 



Fig 122 —Ciliated epithelium from 
rabbets trachea (Schafer), wt 1 , 
m2, m*, mucus secreting cells in 
■various stages of mucin forma 
tion, lying between the ciliated 
colls 

taming portions of cartilaginous 
rings and unstriped muscle-fibres, 
as well as longitudinal bundles of 
elastic tissue They axe lined by 
mucous membrane the surface of 
which, like that of the trachea, is 
covered with ciliated epithelium 
(fig 123) and provided with mucous 
glands which secrete phlegm The 


XaT^bnlTomsonT 011 ^ ^ “ latter 18 WOrkecl U P to the l^ryUX 
v ~ x ' by the ciliated epithelium whexe 

it may be coughed up and swallowed In inflammation of the 


respiratory passages this secretion becomes greatly increased 

When the bronchial tubes or bronchioles, by successive 



CH XVII ] 


LUNGS AND PLEURA 


231 


branchings, aie 1 educed to about ^th of an inch (0 6 nun) m 
diameter they gradually lose then cartilaginous element until it 
disappears altogether and their walls are foimed only of a fibious- 
elastic membrane with eirculai muscle-fibres, they are still hnecl 



with ciliated epithelium, but the cells bearmg the cilia aie now 
cubical, while the muscle-fibres are relatively moie abundant and 
foim a distinct circular coat This muscle is caused to contract by 
the vagus nerve and is dilated by the sympathetic and by adrenaline, 
which is extensively used, therefore, to relieve the bronchial con- 
striction m asthma 

The Lungs and Pleuice — Each lung is enveloped by a serous 
membrane — the jpleuia , one layer of which adheres closely to its 
surface, and provides it with its smooth and slippery covering, while 
the other adheres to the inner surface of the chest-wall The con- 
tinuity of the two layers at the base of the lungs forms a closed sac, 
winch the lungs fill completely There is no actual space The 
pleura which covers the lung {visceral layer) and that which hnes the 
inner surface of the chest {parietal layer) are, m health, everywheie 
in contact one with the other, and between them is only just so 
much fluid as will ensure the lungs gliding easily, m their expansion 
and retraction, on the inner surface of the parietal layer, which lrnes 
the chest- wall 

If, however, an opening is made so as to permit air or fluid to 
enter the pleural sac, the lung, in virtue of its elasticity, recoils, and 
a considerable space is left between it and the chest- wall In other 
words, the natural elasticity of the lungs would cause them at all 
times to contract away from the ribs were it not that the contraction 
is resisted by atmospheric pressure which bears only on the inner 
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surface of the air-tubes and air-sacs On the admission of air into 
the pleural sac, atmospheric pressure beais alike on the inner and 
outer surfaces of the lung, and its elastic recoil is no longer 
prevented 

Each lung is partially subdivided into separate portions called 
lobes } the right lung into three lobes, and the left into two Each 
of these lobes, agam, is composed of a large number of minute parts, 
called lobules 

On enteung a lobule, the small bionehial tube divides and sub- 
divides (fig 124), its walls at the same time become thinner and 



thinner, until at length they are formed only of a thin membrane of 
areolar, muscular, and elastic tissue, lined by a layer of pavement 
epithelium not provided with cilia Eventually the muscle tissue 
disappears and the walls become pouched-out irregulaily into small 
saccular dilatations, called alveoli (see fig 124) The funnel-shaped 
terminal branch of the bronchial tube, with its group of alveoli, is 
called an infundibulum The alveoli are of various forms, according to 
the mutual pressure to which they are subject , their walls are nearly 
in contact, and they vary from 0 5 to 0 3 mm in diameter Their 
walls are formed of fine membrane, like those of the intercellular 
passage They are lined by a layer of pavement epithelium (fig 125) 
Outside the alveoli a network of pulmonaiy capillaries is 
spread out so densely (fig 67, p 116) that the interspaces oi meshes 
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are even nairower than the vessels Between the an m the lungs 
and the blood in these vessels nothmg intervenes but the thin waSs 
of the alveoli and of the capillaries , and the exposure of the blood 
to the air is the more complete, because the folds of membiane 
between contiguous alveoli, and often the spaces between the walls 
of each, contain only a single layer of capillaries, both sides of 
which aie thus at once exposed to the air 



Fig 125 —Section of lung stained with silver nitrate A D , alveolar duct or intercellular passage , 
S, alveolar septa , N, alveoli or air sacs, lined with large flat cells, with some smaller polyhedral 
cells , M, plain muscle fibres surrounding the alveolar duct (Klein and Noble Smith ) 


Blood-supply — The lungs receive blood from two sources (a) the 
pulmonary artery, (&) the bronchial arteries The former conveys 
venous blood to the lungs to be aitenahsed The branches of the 
bronchial artenes convey arterial blood from the aorta for the 
nutrition of the walls of the bronchi, vessels, interlobular connective 
tissue, etc , the blood of the bronchial vessels is returned chiefly 
through the bronchial and partly through the pulmonary vems 


The Respiratory Mechanism 

Respiration consists of the alternate expansion and contraction of 
the thorax, by means of which air is drawn into or expelled from the 
lungs These acts are called Inspn ahon and Expiration respectively 
Tor inspiration a movement of the side-walls and floor of the 
chest takes place, so that the capacity of the interior is enlarged 
By such increase of capacity there will be a diminution of the 
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pressure of the air in the lungs, and a fresh quantity will enter 
through the trachea to equalise the pressure on the inside and 
outside of the chest 

For expiration the opposite movement diminishes the capacity of 
the chest , the pressure m the ulterior will he thus increased, and air 
will be expelled, until the pressures within and without the chest 
are again equal In both cases the air passes through the trachea, 
there being no other communication with the exterior of the body , 
and the lung remains, under all conditions, closely in contact with 
the walls and floor of the chest The movements of the lungs are 
therefore passive, not active, and depend on the changes of shape 
of the closed cavity m which they are contained A perforation of 
the chest-wall would mean that the lung on that side would no longer 
be of use , a similar injury on the other side (double pneumothorax) 
would cause death If the two layers of the pleura were adherent, 
those portions of the lung would be expanded most where the move- 
ments of the chest are greatest The existence of the two separate 
layers prevents this, and thus the lung is equally expanded throughout 

Keith believes that the expansion of the lung during inspiration does not occur 
simultaneously at every point but resembles rather the opening of a Japanese fan 
First the anterior borders and the part in contact with the diaphragm expand 
followed successively by the apex, vertebral border, and region of the root 

Inspiration — This is a muscular act, the inspiratory muscles 
increase the size of the chest-cavity in all its diameters 

The m ? heal diameter is increased by the contraction and 
consequent descent of the diaphragm, at rest, the diaphiagm is 
dome-shaped with the convexity upwards , the central tendon fonns 
a slight depression m the middle of this dome On contraction the 
muscle-fibres shorten, and so the convexity of the double dome is 
lessened The central tendon is drawn down a certam distance, but 
the chief movement is at the sides Tor the effective action of this 
muscle, its attachment to the lower ribs is kept fixed by the 
contraction of the quadratus lumborum The diaphragm is supplied 
by the phrenic nerves which arise chiefly from the 4th ceivical 
segment of the spinal cord 

The increase m the lateral and antero-postemor diameters of the 
chest is effected by the raismg of the ribs, the upper ones being fixed 
by the scaleni The greater numbei of the ribs is attached very 
obliquely to the spine or vertebral column, and sternum 

The elevation of the ribs takes place both m fiont and at the 
sides — the hinder ends being prevented from performing any upward 
movement by their attachment to the spme The movement of the 
front extremities of the ribs is of necessity accompanied by an upward 
and forward movement of the sternum to which they are attached, 
the movement being greater at its lower than at its upper end. 
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The muscles by which the ribs are raised; in wdvnmy quiet 
inspiration, are the external mtercostals , and that portion of the 
internal mtercostals which is situated between the costal cartilages , 
and these are assisted by the levatores costarum , and the sematus 
posterior superior 

In extraordinary or forced inspiration, additional muscles are 
pressed into service, such as the sternocleidomastoid , the ser?atus 
magnus , the pectorales , and the ti apezius Laryngeal and face 
muscles also come into play 

The expansion of the chest m inspiration presents some peculi- 
arities m different persons In young children, it is effected chiefly 
by the diaphragm The movement of the abdominal walls being here 
more manifest than that of any other part, it is usual to call this the 
abdominal type of respnation In men, together with the descent of 
the diaphragm and the pushing forward of the front wall of the 
abdomen, the chest and the sternum are subject to a wide movement 
m inspiration ( inferior costal type) In women, the movement 
appears less extensive in the lower, and more so m the upper, part of 
the chest {superior costal type) 

Expiration — From the enlargement produced in inspiration, the 
chest and lungs return, m ordinary tranquil expiration, by their 
elasticity to their previous condition, the force employed by the 
mspnatory muscles in distending the chest and overcoming the 
elastic resistance of the lungs and chest-walls, is returned as an 
expiratory effort when the muscles are relaxed This elastic recoil 
of the chest and lungs is sufficient, m ordinary quiet breathing, to 
expel air from the lungs m the intervals of inspiration, and no 
muscular power is required In all voluntary expiratory efforts, 
however, as in speaking, singing, blowing, and the like, and in many 
involuntary actions also, as sneezing, coughing, etc , something more 
than meiely passive elastic power is necessary, and the proper 
expiratory muscles are brought into action The chief of these are 
the abdominal muscles, which, by pressing on the viscera of the 
abdomen, push up the floor of the chest formed by the diaphragm, 
and by thus making pressure on the lungs, expel air from them 
through the trachea and larynx All muscles, however, which 
depress the ribs, must act also as muscles of expiration, and we must 
conclude that the abdommal muscles are assisted in their action by 
the interosseous part of the internal into costals, the triangularis sterm , 
and perhaps the serratus posterior inferior When by the efforts of 
the expiratory muscles, the chest has been squeezed to less than 
its average size, it again, on relaxation of the muscles, returns to 
the noimal dimensions by vntue of its elasticity The construction 
of the chest-walls, therefore, admirably adapts them for recoiling 
against and resistmg undue contraction as well as undue dilatation 
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Graphic Record of Respiratory Movements 

Among numerous methods which have been described for record- 
ing the respiratory movements the simplest m the human subject, 
especially if he be a patient m bed, is to fasten a bandage loosely round 
the chest Between the bandage and the chest- wall a flexible hollow 
lubber ball is placed This ball or a tambour communicates by a 
rubber tube with a recording tambour All such appliances are called 
Stethographs 



Fig 126 —Record showing normal respiration at A, the eflect of over ventilation at B, the gradual 

return to normal ab G during which slight Cheyne-Stokes respiration is seen Pieces of tracing 

were cut out at 1 and at 2 to facilitate reproduction (Wilkinson) 

It is possible to record the diaphragmatic movements m animals 
by the insertion of an elastic bag connected with a tambour into the 
abdomen below the diaphragm, by the msertion of needles into 
different parts of its structure, or by recording the conti action of 
isolated strips of the diaphragm Such a strip attached in the 
rabbit to the xiphisternal cartilage may be detached, and attached 
by a thread to a recording lever , this strip serves as a sample of the 
diaphragm 

Such methods, however, merely measure the rate of breathing 
and give a rough idea of its depth The actual quantity of air 
which enters and leaves the lungs is measured by a modified 
gasometer (spirometer) (fig 127) into which the experimenter 
breathes 

The variations of intrapleural pressure may be recorded by the 
mtroduction of a cannula mto the pleural cavity, which is connected 
with a water manometer 

The act of inspiring air, especially in women and children, is a 
httle shorter than that of expelling it, and there is commonly a very 
slight pause between the end of expiration and the beginning of the 
next inspiration 

If the ear is placed in contact with the wall of the chest, or is 
separated from it only by a good conductor of sound or stethoscope, 
a respiratory murmur or breath sound is heard chiefly during 
inspiration This sound varies somewhat m different parts — being 
loudest or coarsest m the neighbourhood of the trachea and large 
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bronchi (tracheal and bronchial breathing), and fading off into a 
faint sighing as the ear is placed at a distance from these (vesi- 
cular breathing) It is best heard m children, and m them a 
more marked mnrmui is heard m expiration The cause of the 
vesicular murmur has received various explanations, but most 
observers hold that the sound is produced by the air passmg through 
the glottis and larger tubes, and that this sound is modified m its 
, conduction through the substance of the lung The alterations in 
the normal breath sounds, and the various additions to them that 
occur m different diseased conditions, can be properly studied only 
at the bedside 



During the action of the muscles which directly draw air mto 
the chest, those which guard the opening thiough which it enters are 
not passive In hurried breathing the instinctive dilatation of the 
nostrils is well seen, although under ordmary conditions it may 
not be noticeable In many people the mma glottichs, or interval 
between the true vocal cords of the larynx, is slightly dilated at 
each inspiration foi the more ready passage of air, and becomes 
smaller at each expiration, its condition, therefore, corresponds 
during respiration with that of the walls of the chest There is a 
further likeness between the two acts m that, m ordinary circum- 
stances, the dilatation of the rima glottidis is a muscular act and its 
narrowing chiefly an elastic recoil ^ 

Quantities of Air Breathed — Measurements of these quantities 
are made by* means of the spnometer The apparatus is illustrated 
and is seen to consist of a light metal bell (C), which is balanced 
by a counterweight (W), and which can move freely in a water- 
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container The subject breathes into the tube (T) Seveial 
modifications of this apparatus have been made, notably Kiogh’s 
recoi cling spirometer, which is shown mfig 172, p 387 

Tidal air is the quantity which is habitually and almost uniformly 
changed in each act of breathing In a healthy adult man it averages 
about 500 c c , or rather more than 30 cubic inches (Haldane) This 
will be expanded at body tempeiature to 600 cc This amount of 
air is not sufficient to fill the lungs Haldane gives the capacity of 
the uppei air-passages and bronchial tubes as 200 cc, and therefore 
about a third of the tidal air is required to fill this dead space At 
the end of an expiration, however, the tubes and alveoli aie not 
empty of air, and the sudden inrush of atmospheric air during 
the next inspiration effects a complete mixture of this air with 
that left m the air-passages, the air m the axial stream of the 
current will penetrate as far as the alveoli, but what is sucked into 
the alveoh is mainly some of the mixture from the bionchial passages, 
and that m turn is derived from the mixture (containing more atmos- 
phenc air m proportion) m the uppei air-cavities During expiration 
the air which leaves the lungs will come in part from the alveoli, but 
the effect of the stream of outgoing air is mainly as before, to effect a 
thoiough admixture of the air m the intermediate air-passages , thus 
the alveolar air will become mixed with that m the bronchial tubes, 
which m turn will be mixed with that m the uppei an -chambers 
In a succession of alternate ordinary inspirations and expnations 
adequate ventilation is secured, but obviously the composition of the 
expired aw is not the same as that of alveolar air, for the latter, 
though it is ultimately breathed out, is diluted on its upward journey 
by mixture with the bronchial air, and that m its turn with the air 
of the upper air-chambers , m other words, the expired air is alveolai 
air (rich in caibon dioxide) diluted with bronchial air (richer m 
oxygen) and with atmospheric air (still richer in oxygen) 

Gomplemental air is the quantity over and above the tidal air 
which can be drawn into the lungs in the deepest inspiration, its 
amount averages 100 cubic inches, (1600 c c ) 

Reserve or supplemental air — After an ordinary expiration, such 
as that which expels the tidal air, a further quantity of air, about 100 
cubic inches (1600 c c ) can be expelled by a forcible deep expiration 
This is termed reserve or supplemental air The last portion of the 
air thus expelled will consist of air from the alveoh 

Residual air is the quantity which still remains m the lungs 
after the most violent expiratory effort Its amount depends m gieat 
measure on the absolute size of the chest, but may be estimated at 
about 100 cubic inches (1600 cc) Methods of determining the 
quantity of residual air are described later 

Vital Capacity — The vital capacity of the chest is indicated by 
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the quantity of air which a person can expel from his lungs by a 
forcible expiration after the deepest inspiration possible The 
average capacity of an adult, at 15 4° C (60° F) is about 225 to 
250 cubic inches, oi 3500 to 4000 cc It is the sum of the 
complemental, tidal, and supplemental air This determination is 
commonly made m medical practice, since in diseased states, eg 
caidiac disease, the vital capacity may be much i educed 

Total ventilation — This is the quantity of air which passes m 
and out of the respiratory system per minute It is noimaily 
5 to 10 litres m the adult, after walking uphill it rises to 30, and 
maximal readings aftei heavy exercises give up to 100 litres per 
minute 

The alveolar ventilation is the product of the amount of inspired 
air which reaches the alveoli per respiration, and the respiration-rate 
The figures obtained serve to show the efficiency of the deep over the 
shallow type of respiration We may take a rather extreme case of 
two people m each of whom the alveolar respiration per minute was 
the same, the dead space the same (200 c c ), but m one the respiration- 
rate was 10 and m the other 30 pei minute 


a 

Respiration-rate 

Case 1 

10 

Case 2 
30 

b 

Dead space 

200 c c 

200 c c 

c 

Alveolar respiration per breath 

600 c c 

200 c c 

d 

Total ventilation per breath (b + c) 

800 c c 

400 c c 

e 

,, ,, per minute (a x d ) 

8000 c c 

12,000 c c 

f Product of a and c (alveolar respiration 
per minute) 

6000 c c 

6000 c c 


To achieve the same result m alveolar respiration the shallow 
breathei breathes three times as often and passes more total an 
(12,000 cc) mto his respiratory system than the deep breather 
(8000 cc) The shallow breather, moreover, retams half of each 
breath m the dead space, instead of a quarter, and the air here is 
ineffectual so far as gaseous exchange is concerned 

The capacity of the lungs is determined by filling a spirometer 
with air and a known volume of some insoluble and inert gas such as 
hydrogen The subject after making a maximal expiration as m the 
estimation of vital capacity, follows it by a couple of forced respira- 
tions in and out of the spirometer This causes a uniform distubution 
of the hydrogen throughout the atmosphere which pervades both the 
spirometer and the respiratory system of the subject A compaiison 
of the initial and final percentages of hydrogen in the spirometer 
shows the degree of partition of this gas as between the spirometer 
and the lungs, and combining this with a knowledge of the initial 
and final volumes of total gas (le air + hydrogen) m the spirometer, 
the volume of the respiratory system and the residual air may be 
calculated 
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The number of respirations m a healthy adult person usually 
ranges from 14 to 18 per minute It is greater m infancy and child- 
hood It also varies much according to different circumstances, such 
as exercise or lest, health or disease, etc Variations m the number 
of respnations conespond ordinarily with similar variations m the 
pulsations of the heart In health the proportion is about 1 to 4, 
or 1 to 5, and when the rapidity of the heart’s action is mci eased, 
that of the chest movement is commonly increased also , but not m 
eveiy case m equal proportion It happens occasionally m disease, 
especially of the lungs or air-passages, that the number of ? cspw atoi y 
acts increases m greater propoition than the beats of th § pulse , and 
m other affections, much more commonly, that the numbei of the 
pulse-beats is greater m proportion than that of the respirations 
The Respiratory Quality of the Air — From what has been 
said it is evident that the ail m contact with the blood is that of 
the alveoli From the following table its composition may be 
compared with that of the atmosphere and of the expired tidal air 
It is to be understood, howevei, that these figures may vaiy m 
different circumstances, but the averages obtained fioni noimal 
individuals at lest are sufficiently important m an undeistandmg 
of lespiration to be committed to memoiy 


Per Cent by Volume 


Atmosphere Expired Air Alveolar Air 


Oxygen 

20 96 

16 0 

Carbon dioxide 

0 04 

44 

Nitrogen 

79 0 

79 6 


13-14 

5-6 

80-82 


The expired and alveolar airs are saturated with water vapour at 
body temperature 

Methods of Investigation 

Although these methods were originally used m the puiely 
scientific investigation of respiration, their use has now been 
extended to the study of diseased conditions, and a knowledge of 
then use has become essential to medical students 


The Collection of Alveolar Air 

Haldane and Priestley introduced a simple method of collecting 
alveolar air which has the advantage of being applicable to man 
It consists essentially of collecting the air expired at the end of a 
deep expiration A piece of rubber tubing is taken about 1 inch 
m diameter and about 4 feet long A mouthpiece is fitted into 
one end, and 2 inches fiom the mouthpiece is a smaller rubbei tube 
through which samples may be withdrawn mto a sampling tube 
(fig 128) The latter is made of glass and has a tap at each end 
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Before it is used it is evacuated (conveniently by filling it with 
mercury and allowing it to urn out) The subject of the experiment 
breathes noimally through the tube for a time until he becomes 
accustomed to it, and then, at the end of a normal inspiration, he 
expires quickly and very deeply through the mouthpiece and 
instantly closes it with his tongue A second experiment is then 
done, m which the subject expires deeply at the end of a normal 
expiration, and another sample obtained The mean result of the 
two analyses repiesents the composition of the alveolar air Since 
the gaseous interchange between the blood and the alveolar an 
is going on continuously, it is evident that at the end of inspiration 



there will be a maximum percentage of oxygen, and a minimum 
percentage of carbonic acid, the converse obtains at the end of 
expiration 

On analysis the composition of alveolar air is found to be 
13-14 per cent of oxygen and 5 to 6 per cent of carbon dioxide 

These peicentages may, however, be caused to vary according to 
the ventilation m the lungs If respiration is increased voluntarily 
the alveolar air becomes more like atmospheric air, i e the percentage 
of carbon dioxide falls This occurs whenever the respnatory centre 
is stimulated by substances m the blood other than carbon dioxide, 
eg by voluntary over-ventilation or by acids such as those produced 
m diabetes A fall of alveolar carbon dioxide is therefore of 
considerable diagnostic significance as (see Acid-Base Equilibrium) 
it indicates an attempt of the body to rid itself of excessive acid, 
as, for instance, m diabetes mellitus Similarly, leduced respiration 
due to any cause except lack of C0 2 causes a use m alveolar C0 2 

The Collection of Expired Air 

In measuring the total ventilation (cubic centimetres of air passing 
m and out of the lungs per minute) it is usual to measure the volume 
of the air expired m a given time This is not quite the same thing 
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as the volume of the inspired air, because the C0 2 added to the an is a 
little less m volume than that of the oxygen which it replaces (p 224) 
The subject, whose nose is clipped, bieathes by the mouth through 
a tube in which there are suitable valves By attaching a tube to 
the expnatory valve the expired air can be collected m a bag The 
type of bag most frequently used for this purpose is that devised by 
Douglas of Oxford The Douglas bag is made of canvas impregnated 
with lubber, its walls must be impervious to gas, flexible, and not 



Fig 129 —The Douglas bag and accessory apparatus The bag itself is seen 
operator s right hand The gas meter faces him. and he is seen working a 
(bicycle ergometer) (G B Hunt ) 6 


hanging near the 
stationary bicycle 


too heavy It is fitted with a tap which can be turned quickly 
so that the duration of an experiment can be timed exactly The 
sample collected is kept foi subsequent measurement and analysis 
The tubing used for connecting the face mask to the bag must have 
a very wide bore, even a small constriction adds greatly to the 
laborn of respiration and causes respiratory fatigue 

p 1 ® volume of the sample is obtained by passing the contents 
of the bag through a gas meter, and a side tube facilitates the 
collection of small samples for analysis In this way (1) the total 
ventilation, (2) the oxygen m the expired air, and theiefore the 
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oxygen absorbed by the subject, (3) the C0 2 in the expired air, 
and its output pci minute, and (4) the respiratory quotient (the 
pioportion of C0 2 given out to oxygen taken in) are obtained 
These data arc also needed m reference to work on nutrition, and 
may also be employed m calculating the quantity of blood circulating 
per minute 

On analysis the oxpued an is found to be between alveolar and 
the inspired air — namely, about 16 per cent oxygen and 4 4 per 
cent carbon dioxide The more efficient the ventilation the 
moie like atmosphonc an the expned air becomes Over- ventilation, 
therefore, causes the peicentage of oxygen to rise and that of the 
carbon dioxide to fall, and eaie must be taken to avoid this m 
collecting a sample by ensuung that the subject bxeathes naturally 

The Principles of Gas Analysis 

The gases one has to deal with, whether pumped off by the 
vacuum pump frojn the blood, obtained from the pulmonary alveoli, 
or from the atmospheie, are only thiee m number The total gas 
obtained is fiist measured, then the cowlon dioxide is removed by 
caustic potash (KOI!) and the gas that remains is measured, this 
consists of oxygen and niliogcn The oxygen is removed by pyiogallic 
acid m KOH and the gas again measured , this is nitrogen 

The Haldane Gas Analysis Apparatus 

This is the classical appaiatus foi gas analysis, but many modifi- 
cations m detail have been devised (fig 130) 

In its simplest form it consists of a burette (B) suirounded by 
a watei -jacket (W) to which theie is connected, by means of rubber- 
tubmg, a meicmy xeseivon After prelimmaiy adjustments a sample 
is diawn into the bmette by hiwenng the mercuiy (M) which pieviously 
has been laised to fill the buiette completely When the air to be 
examined is m a sampling tube its place m the tube is taken by 
fluid fiorn a reseivoir attached by tubing to its lower end, the upper 
end being attached to the analyser The tap 1 is then closed and 
the sample measuied (at atmospheric pressure, by levelling the 
surface of the mercury m the reservoir with that m the burette) 
The taps 1 and 2 aie then turned so that the burette communicates 
with the bulb (K) containing 10 per cent KOH, and the sample is 
driven over and drawn back from this bulb several times The 
level m the bulb is brought back to zeio by adjustmg the level of 
the meicury leseivon The tap 1 leading from the burette is now 
closed and the sample measuied at atmospheric pressure as before 
The decrease m the volume of the sample is a measure of the C0 2 
absorbed The sample is driven ovei until absorption is complete 
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The procedure is repeated using tap 3, so that the gaseous 
sample enters the pyrogallol bulb (P) instead of the KOH and is 
contmued until no further absorption occurs This may take half 
an hour The further diminution in volume indicates the amount 
of oxygen in the sample 

Befoi e commencing the analysis the direction of the taps must be 
known The taps must be turned to connect the bulbs with the 
atmospheie and the levels of the solutions in the bulbs aie adjusted 



to zeio All C0 3 and oxygen must be removed from the tubes 
connecting the bulbs with the burettes by carrying out a preliminary 
analysis of room air It is important also to emphasise that since 
the pyrogallol will absoib C0 2 as well as oxygen the carbon dioxide 
must be absorbed fiist 

Mici o-gcts analysis— This is necessaiy when analysing the gases 
m a bubble of air as in determining the tension of gases m blood 
The burette is replaced by a graduated tube of capillary bore into 
which KOH and pyrogallol aie alternately sucked by vanous devices 
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CHAPTEE XVIII 
respiration {continued) 

Tli© Gases of the Blood 

Before the student can study eithei the chemistry of respiration 01 
its regulation, which is m pait a chemical piocess, it is necessary 
that he should have an adequate conception of the fundamental laws 
which regulate the retention of oxygen and carbonic acid m the 
blood, and as the blood piesents many complications, it will be best 
at the outset to consider the solution of gases in such a simpl 0 
medium as water 

Solution of Gases m Watm 

If water is shaken up with oxygen, a certain definite amount of 
oxygen will be dissolved m the water Under the same conditions the 
same quantity of oxygen will always be dissolved The temperature 
is important, but to simplify the following argument it will be 
assumed that the temperature remains constant, so that this factor 
may be neglected The amount dissolved depends then on two 
factors, each of which can be measured The first is the pressure 
of the oxygen to which the water is exposed when shaken, the 
second is a property of the oxygen itself, namely, its solubility m 
water The solubilities of different gases differ very much, some 
(for instance, oxygen) are but slightly soluble m water, while others, 
such as carbonic acid, are very soluble 

If a cubic centimetre of water is introduced into a large air- 
tight bottle containing pure oxygen at atmospheric piessure, and 
another cubic centimetre of water is placed m a bottle containing 
pure carbonic acid at the same pressure, the former will dissolve 
0 04 c c of oxygen, the latter 1 c c of carbonic acid These figures 
represent the degrees to which the two gases are soluble in water 
m similar circumstances, and are called the coefficients of soluhhfy 
The coefficient of solubility of gas in a liquid is therefore the volume 
of gas which 1 cc of the liquid will dissolve at 760 mm of mercury, 
that is, atmospheric pressure 

The quantity of gas which a liquid will dissolve depends not only 
on the solubility of the gas, but also on the piessure of the gas to 
which the liquid is exposed Thus, m the instance given above, n 
the oxygen had been rarefied m the bottle until it exerted a pressure 
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of only one-fifth of an atmosphere, the water would have taken up 
not 0 04 c c of oxygen, but only one-fifth of that amount, 0 008 c c 
To take another example, 1 e c of water shaken up with pure nitrogen 
at 760 mm pressure will dissolve 0 02 c c , but if the pressuie is 
reduced to four -fifths of the atmospheric pressuie, then the water 
will dissolve 0 02 x -|=0 016 cc If we represent the coefficient of 
solubility of a gas by K, the pressure of the gas to winch the liquid 
is exposed by P', and the atmospheric pressure by P, then the 
quantity, Q, of the gas dissolved by 1 cc of the liquid may be 
obtained by the following formula — 

Q = K x ~ 

Dalton-Henry Law 

What has been said above is as true of gases which are mixed 
together as of pure gases For instance, we have seen that a cubic 
centimetre of water shaken up with oxygen at one-fifth of an atmos- 
phere (152 mm pressure) will absorb 0 04 x \ = 0 008 c c , or if shaken 
with nitrogen at a pressure of four-fifths of an atmosphere, it will 
dissolve 0 02xf = 0016 cc If now a cc of water be shaken with 
air (a mixture of one part of oxygen to four of mtiogen), it will have 
absorbed 0 008 cc of oxygen and 0 016 cc of nitrogen Tins fact 
has been stated as the Dalton-Henry Law in the following words — 
When two or more gases are mixed together, each of them produces 
the same pressure as if they separately occupied the entire space and 
the other gases weie absent The total pressure of the mixture is 
the sum of the partial pressures of the individual gases in the 
mixture 

Estimation of Blood Gases 

The classical method of obtaining gases from the blood has been 
that of “boiling off” the gases from the blood by creating a vacuum 
above it The different patterns of air pump vary m different 
laboratories For general use, however, the chemical methods aie 
much more convenient 

Haldane's and Barcroft's Methods — In both of these the oxygen 
is liberated from the blood by potassium ferncyanide, and subsequently 
the carbon dioxide by tartaric acid The blood, oxalated to prevent 
clotting, is placed in a small chamber (A) beneath weak ammonia 
solution (to fix the free C0 2 ), and laked with saponin Within the 
chamber is a small container of fresh saturated aqueous solution of 
potassium ferncyanide The appliances differ m the methods of 
measuring the gas given off and m the shape of the chambers In 
each there is a snmlar chamber in winch a similar quantity of water 
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The Tension of Gases m Fluids 

In the cases which have been discussed up to this point, a con- 
dition of equilibrium exists between the gas dissolved m the fluid 
and the gas m the atmosphere to which the fluid is exposed, so that 
as many molecules of the gas leave the surface of the fluid as enter 
it The gas dissolved m the fluid therefore exercises a pressure 
which is the same as that of the gas m the atmosphere when 
equilibrium exists Tor the sake of convenience the word Tension 
is applied to the pressuie of the gas m the fluid 

Definition of Tension — The tension of a gas dissolved m a fluid 
is equal to the pressure of the same gas m an atmosphere with which 
the gas m the fluid would be m equilibrium Above, we have called 
the pressure which the gas exerts on the liquid P' If we call the 
tension of the gas in the liquid T, we find that, when equilibrium 
exists, P' = T In the case of all true solutions, therefore, we may 

T 

replace P' m our previous equation by T , so that Q=Kx -p, We 

thus arrive at a relation between two separate things, which must 
be most carefully distinguished from one another — the quantity of 
the gas dissolved m the liquid and its tension 

Measurement of Tension — Numerous instruments, called tonometei $, 
exist for measuring the tension of gases m fluids Of these, the 
instrument which has given the most 
trustworthy measurements of the oxygen 
and carbonic acid tensions m circulat- 
ing blood is that invented by Ivrogh 
(fig 132) 

A "f-shaped cannula (A) is intro- 
duced into a blood-vessel, say the carotid 
artery , the blood fills the cavity B and 
leaves it at 0, so that a constant stream 
of blood is kept flowing Into it a 
small bubble of air (D) is introduced 
Exchange of gases takes place between 
the bubble and the blood, and the 
former very soon gets into equilibrium 
with the latter When it has done so, 
the bubble is withdrawn up the capillary tube E, taken away, and 
analysed m a miciotonometei gas analysis apparatus 

As an example, suppose the bubble on analysis proved to consist 
of 4 per cent carbonic acid and 12 per cent oxygen, together with 
nitrogen and aqueous vapour The gas of the bubble m the 
instrument was compressed by the pressure of the arterial blood 
(say 120 mm of mercury) m addition to the atmospheric pressure 



Fig 132 — Krogh s tonometer 
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of 760 mm of mercury, and therefore the total pleasure was 
120 + 760 = 880 mm of mercury Four per cent of this would have 
been due to the carbonic acid, 4 per cent of 880 is 35 2 Twelve 
per cent would have been due to the oxygen, 12 per cent of 880 
is 105 6 That is, the carbonic acid and oxygen tensions would have 
been m round figures 35 and 106 mm of meicury respectively 

In man it is evident that other methods aie necessary 

Barcooft and Nagahashi’s method — If the point of a hypodeimic 
needle fitted to an air-tight syringe is introduced into the radial 
artery in man a sample of arterial blood may be withdrawn, which 
may be regarded as of the same composition as that which leaves 
the lung by the pulmonary vein If now a bubble of air is 
introduced into the syringe, this bubble rapidly loses oxygen and 
gams carbonic acid till it is m equilibrium with the blood, that is 
to say, till the gases m the bubble exert the same partial pressure 
as those in the plasma If the bubble is very small, relatively 
to the amount of blood, the blood may be regarded as not having 
changed appreciably m the process, and therefoie the partial pressure 
of the gases found by analysis of the bubble may be taken to be those 
of the gases in the arterial blood 

Inference method — This is probably the method most commonly 
used A sample of blood is taken and the quantity of oxygen and 
carbon dioxide m it determined Fiona a knowledge of the dissociation 
curves of the blood, which indicate the power of blood to take 
up gases at diffeient pressures, it can be mfened at what tension 
the gases must have been present In accurate investigation it is 
necessary to make a dissociation cuive for the actual blood under 
investigation, as all bloods are not alike 

The measurement of the gaseous pressures m the mixed 
venous blood which leaves the right ventricle has been carried out 
by various methods during the last decade, but the most satisfactory 
is that of Douglas, provided the gas mixture is made up correctly , a 
mixture of nitrogen, oxygen, and carbonic acid m suitable proportions 
is introduced into a large air-tight bag (the Douglas bag is more 
fully described m fig 129), the subject takes a deep breath of this 
and holds his breath for about five seconds A sample of his 
alveolar air is then collected, care being taken to leave enough air 
m the lungs for a second sample to be collected ten seconds later, 
no breath being mspired m the interval If the two samples are 
identical in composition as regards both oxygen and C0 2 , the 
samples may be adjudged to have been m equilibrium with the 
mixed venous blood, and thus the tension of the gases m this blood 
is aseertamed 
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Relation between Quantity and Tension of Gases m Blood 

It is now necessary to consider the relationship between these 
two sets of data 

On page 251 we have seen that for gases m solution m watei, 
T 

Q = K x p- where Q is the quantity of gas dissolved, T the tension, 

K the coefficient of solubility, and P the atmospheric pressure 
Since K and P are constant, it follows that Q varies directly m 
proportion to T, that is to say, if the tension is doubled, the 
quantity of gas dissolved is also doubled , if the tension is trebled, 
the quantity of gas is trebled, and so on These results may be 
plotted out on a curve m which the quantities are placed on the 
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Fig 133 — Barcroft s saturator, suspended horizontally m warm bath m which it is rotated 


ordinate and the tensions on the abscissa Such a curve gives the 
quantity of gas dissolved at any given tension, and in the case of 
water the “ curve ” is a straight line 

But for oxygen and carbonic acid m blood, the curves are not 
straight lines 

The Transport of Oxygen — Our knowledge of this subject we 
owe particularly to the investigations of Barcroft of Cambridge 
He has shown how to obtain information regardmg the transport of 
oxygen by studying the amount of oxygen which the blood will hold 
in varying circumstances The methods of estimation are described 
on page 247 

If 100 cc of aveiage arterial blood are subjected to a vacuum 
pump or to the action of potassium ferncyamde, almost 18 5 cc 
of oxygen are given off, and from what has been said regardmg 
the solubility of gases m water, it is evident this oxygen cannot 
be m simple solution The amount m actual solution is only 0 7 c c 
This capability of the blood to take up large quantities of oxygen 
depends on the presence m the blood corpuscles of a pigment— 
haemoglobin Blood contains 14 per cent of this pigment by 
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weight, and each gramme can take up about 1 34 c c of oxygen 
The actual figure varies in different animals The chemical charac- 
teristics of haemoglobin are described later 

If, however, the blood is exposed to various tensions of oxygen, it is 
found that within certain limits the blood takes up oxygen according 
to the pressure of that gas in the air to which it is exposed This 
is seen m the following expernnent 

Six vessels, similar to that m fig 133 (Baicroft’s satuiator), are 
taken, and m each is placed a few c c of a solution of haemoglobin, 
together with gases of certain definite composition Each saturator 
is rotated m a bath at a given temper atuie foi about a quarter 
of an hour, by which tune the haemoglobin and the oxygen are m 
equilibrium The blood is then withdrawn and the amount of 
oxygen taken up from the different mixtures determined The 
results aie expiessed as percentages of the maximum which might 
have been taken up by the blood if it had been exposed to the 
outside air 

In each instance the mixture is made up to atmospheiic pressure 
by the addition of nitrogen 


Partial Pressure 

Percentage 

of Oxygen 

Saturation 

102 

97 

50 

87 

20 

12 

10 

55 

5 

87 

0 

0 


The haemoglobin which has taken up oxygen we call oxyhcemoglohm, 
the remainder without oxygen is called reduced hcemoglobm 

These figures may be expressed graphically, and we get the 
curve which we know as the dissociation or association curve 
of haemoglobin As we shall see, the partial piessine of 100 is 
specially important smce this is about the pressure m the alveoli 
of the lungs where the blood normally takes up oxygen It is seen 
that at this piessure the blood is 97 per cent satuiated, and for 
average blood this is equivalent to 18 5 c c of oxygen being taken 
up by 102 e c of blood Some bloods however may coutam 20 c c 
The mportant practical point to notice is the fact that the blood 
exposed to oxygen at a partial pressure of 100 is almost satuiated 
The administration of oxygen, therefore, to a normal person cannot 
cause the blood to take up much moie oxygen than it does from the 
air noimally m the alveoli 

It will be seen that even at low partial pressuies the haemo- 
globin takes up considerable quantities, but it is evident that 
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while this might be advantageous from the point of view of loading, 
it would be unsatisfactory fiom the point of view of giving up 
oxygen 

But blood is not a solution of haemoglobin In blood the 
haemoglobin is contained m coipuscles, and m these is piesent m 
close association with its many salts By adding such salts to 


Total Haemoglobin 100 

— — ** - 1 . ——■in 

Percentage Percentage 
of reduced of Oxyhsemo- 



Fig 134 —Dissociation curves of 11 nr‘ w 'ncr' T o v ' n solution m water at 37 s 0 Blue, reduced hsemo 
globin , red, oxyhtemoglobin I i i me in the blue is the curve obtained when the blood 
is cooled to 16 C The dotted line m the red indicates the effect of heat and salts Increasing the 
amount of COo in the gas mixtures similarly moves the curve to the right (After Barcroft ) 


haemoglobin m a saturator, it may be shown that they prevent the 
haemoglobin from holding so much oxygen at the lower concentra- 
tions Carbon dioxide has a similar effect which is shown by the 
dotted lines m fig 135 

The effect of caibon dioxide is interesting, as the amount used in 
the expei iment is that which is normally present m the air of the 
alveoli The reason for this effect of the carbon dioxide on the 
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amount of oxygen held, we shall see, is that the oxygen and the 
carbon dioxide indirectly compete for the available alkali m the 
corpuscles of the blood 

The two coloured figures (134 and 135) should be caiefully 
compared, as they show graphically the advantages of blood over 
a pure solution of haemoglobin as an oxygen carrier 

These factois, however, not only affect the amount of oxygen 
which the blood gives off, but also the rate at which the oxygen is 



Fig 185 —Dissociation curve of haemoglobin in the actual blood at 87° C and 40 mm CO> Blue, 
reduced haemoglobin , red, oxyhaemoglobm The dotted curve m the blue is the dissociation curve 
at the same temperatuie, but at 0 mm C0 2 Note the resemblance of this to the hemoglobin 
curve The addition of small amounts of acid or more COo would move whole curve to the right 
A indicates the average content and tension of arterial blood , V, those of venous blood (Alter 
Barcroft ) The atmospheric pressure at the summit of Mt Everest (29,000 ft ) is about 250 nun 

liberated At room temperature, oxygen is taken up rapidly and 
given up slowly, but at body temperature the rate of giv ing up is 
enormously increased 

The Transport of Carbon Dioxide —The carnage of carbon 
dioxide has been studied by the same methods as those used for 
oxygen The estimation of carbon dioxide has alieady been 
described Since in solution it is an acid of some power, special 
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arrangements have to be made for its transpoit from the active 
tissues to the lungs to pi event its causing an y marked change m 
the hydrogen-ion concentration of the blood This is accomplished, 
for the most part, by the combination m the capillanes of the 
carbon dioxide with alkali to form sodium bicarbonate, which breaks 
up agam when it reaches the lungs A small amount of carbon 
dioxide, -^ 5 - only of the total, is m physical solution in the blood- 
plasma and a little is carried in combination with piotem 

A small amount of carbon dioxide can pass directly into the 
corpuscles to foim bicarbonate, but most is carried in the plasma 
as sodium bicarbonate The sodium taken by the carbon dioxide 
comes from the sodium chloride of the plasma The reaction may 
be represented by the equation — 

NaCl + C0 2 + H 2 0 ^ NaHC0 3 + HC1 

The HC1 thus set free passes into the corpuscle where it is taken 
up by alkali made available by the giving off of oxygen by the 
haemoglobin This process is known as the chloride shift and was 
discovered from the fact that theie is less chloride m the plasma of 
the venous blood than m that of the arterial 

The shift may be indicated conveniently thus — 

Coip 0 2 + NaCl 4- H 2 0 

Tissues 
+ C0 2 

-o 2 

Corp HC1 + NaHCO s 

We must next consider how the corpuscle deals with the hydro- 
chloric acid or carbon dioxide Oxyhsemoglobm is a stronger acid 
fhs.n reduced haemoglobin When, therefore, the oxyhemoglobin 
becomes reduced, alkali, probably potassium * in man, becomes avail- 
able to form chloride and bicarbonate, or special compounds of 
reduced hemoglobin 

We see, then, that the moie carbon dioxide there is m the blood 
the less is the oxygen it can hold and vice versa This fact was 
originally discovered by Buckmaster, who therefore considered that 
hemoglobin earned the carbon dioxide This interpretation was not 
at the time accepted, as the carbon dioxide was found to be m the 
plasma Now we see that Buekmaster’s view was substantially 
(although indirectly) correct We see also why it is that the 
presence of acids, e g carbon dioxide, in the blood causes a moving 
of the oxygen dissociation curve of blood to the right Fortunately, 

* The relative quantity of K and Na in the red corpuscles varies greatly m 
different animals In man it is mostly K, in ruminants Na 

I 
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when there is an increased need of the tissues for oxygen, there is 
at the same time an additional pioduction of carbon dioxide to help 
drive it off from the blood When, however, the blood has its 
carbon dioxide much lowered by over-ventilation the ox} gen comes 
off less easily This is the Bohr effect and probably accounts for 
the “ heady ” sensations experienced after severe over-ventilation 
In addition to the alkali made available by the chloride shift, 
some is also made available by the alkaline phosphate of the blood 
corpuscles In the corpuscles we may therefore have a reaction 
lepiesented by the equation — 

HC1 + K 2 HP0 4 = KC1 + KH 2 P0 4 

The shghtly increased acidity of the acid phosphate is counter- 
balanced by the shghtly diminished acidity of the reduced 
haemoglobin 

In the plasma also the reaction may be more direct accordmg 
to the equation — 

C0 2 + H 2 0 + Na 2 HP0 4 = NaHC0 3 + NaH 2 P0 4 

with the production of an alkaline and a slightly acid salt, with but 
shght change in leaction The acid salt and C0 2 m solution are balanced 
by the bicarbonate and alkaline salt to maintain the normal reaction 
The proteins of the plasma play a small part m the carriage of 
carbon dioxide since they are able, like feeble acids, to combine 
with bases which, however, can be removed from them by an acid 
stronger than themselves We have there such reactions as — 

NaPr + H 2 CO s = NaHCO s + HPr 

(salt) (acid) 


Because of such reactions the dissociation curve of a bicarbonate 
solution is not exactly the same as that of separated plasma 
We have then carbon dioxide carried m the blood m two chief 


ways, in solution as H 2 C0 3 , and in combination as lSTaHC0 3 Since 
the foimer is acid and the latter is alkaline, we have a balance 


H CO 1 

which may be indicated by the ratio > approximately 

and through which the transport of carbon dioxide is accomplished 
without making any appreciable change in the reaction of the 
blood These substances aie of great importance, as we shall 


see, in maintaining the neutrality of the blood m many varying 
circumstances 


It is to be understood that it is easily possible to construct a 
carbon dioxide dissociation curve and that the taking up and giving 
off of carbon dioxide are determined by the partial pressure of the 
gas m the lungs and the tissues 
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It may be shown that m the lung the formation of the acid, 
oxyhaemoglobin plays an important pait m dnving out the caibon 
dioxide A solution of sodium bieaibonate will give up only about 
one-half of its carbon dioxide if exposed to a vacuum 

2NaHC0 3 -> Na 2 C0 3 + H 2 0 + C0 2 

but if acid is added it will give up, like the blood, all its carbon 
dioxide In the body during normal respiration, however, the blood 
is not exposed to a vacuum but to an alveolar partial pressure of 
about 40 mm and therefore retains about 50 cc C0 2 per 100 cc of 



Fig 186 —Dissociation curve for carbon dioxide m blood The points A and V are 
the same as those m fig 135 (Wright, aftei Haldane) The dotted line is the 
dissociation curve of a solution of sodium bicarbonate 

blood , this retained C0 2 has an important function in maintaining 
the activity of the vasomotor and respiratory centres 

The venous blood contains about 58 cc per cent of carbon 
dioxide during rest but appreciably more during activity while the 
arterial blood contains 54 c c per cent of carbon dioxide (i e more 
than twice the amount of oxygen) 

Alkali Reserve (Yan Slyke) — The alkali available for the 
transport of acid is known as the alkali reserve of the blood and 
may be estimated directly, by finding the carbon dioxide com- 
bining power of the blood This is determined by exposmg a 
sample of blood to alveolar air or a gas mixture with the same 
amount of carbon dioxide (5 5 per cent ) and subsequently finding 
the amount of carbon dioxide which has been taken up This 
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latter determination may be made by the Van Slyke, Haldane, or 
Barcroft apparatus (fig 131, p 250) Clearly, if any acid is being 
added to the blood and it takes up alkali, the alkali reserve becomes 
appreciably reduced If for any reason, such as the excessive loss of 
caibon dioxide at high altitudes, there is less acid m the blood than 
normal, the alkali reserve also becomes reduced by the excretion of 
base by the kidney to keep the reaction of the blood at its normal 
level. 

The body has many other ways for maintaining its neutrality m 
many varying circumstances, but we cannot profitably deal with these 
until we have considered the various other mechanisms concerned, 
especially the kidney The alkali reserve of the body is dealt with 
later 

In conditions of severe muscular work not only carbonic acid 
(carbon dioxide and water) is produced but also lactic acid which 
combines with the alkali of the blood to form lactate, some of which 
is excreted by the kidney (see also “ Oxygen Debt ”) 

It is important also to remark that C0 2 is got rid of by the 
kidney as well as by the lungs, and in long cases of obstruction to 
the respiratory tract this other means may become very important 

The Mechanism of Gaseous Exchange m the Lung 

1 Oxygen — The simplest explanation of the passage of oxygen 
from the alveolar air into the blood is that the process is a purely 
physical one of diffusion {See Diffusion ) 

The conception of respiration based on this view would be that 
the pressure of oxygen in the air of the alveoh, though less than that 
in the atmosphere, is greater than that m venous blood , hence oxygen 
passes from the alveolar air into the blood-plasma, the oxygen 
immediately combines with the haemoglobin, and thus leaves the 
plasma free to absorb more oxygen , and this goes on until the 
haemoglobin is entirely, or almost entirely, saturated with oxygen 
The reverse change occurs m the tissues where the partial pressure 
of oxygen is lower than in the plasma, or m the lymph that bathes 
the tissue elements , the plasma gives up its oxygen to the lymph, 
the lymph to the tissues, the oxyhaemoglobin then undergoes dis- 
sociation to supply more oxygen to the plasma and lymph, and thus 
in turn to the tissues once more 

Some authorities have considered that in cases of definite oxygen- 
want, such as during violent muscular exercise, or on the tops of 
high mountains, the lining epithelium of the pulmonary alveoh can, 
by a process of active secretion, like that of the swim bladder of a 
fish, transfer oxygen from the alveolar air to the blood Barcroft 
who submitted to the experiment lived for six days m a respiration 
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chamber in which the oxygen pressure m the mspned air was 
gradually reduced fiom 130 mm Hg on the first day to 84 mm. on 
the last , a pressure of 84 mm Hg corresponds to that experienced 
at an altitude of about 18,000 feet At the close of the experiment a 
cannula was inserted into Barcroft’s radial artery so that his arterial 
blood could be collected either when he was at rest or performing 
work, his alveolar air was collected and examined simultaneously 
The percentage saturation with oxygen was measured m the blood 
samples and its tension inferred from the dissociation curve The 
following results were obtained — 

During rest During work 

Pressure of oxygen m alveolar air 68 mm Hg 57 mm Hg 

Tension of oxygen m arterial blood 60 „ 48 ,, 


More recently Krogh’s bubble aerotonometer has been applied to man, the 
blood being withdrawn from an artery by a hypodermic syringe By this method 
comparisons have been made of the oxygen-tension in the arterial blood and alveolar 
air, both at the sea-level and at Cerro, a mining town m the Andes (14,200 ft) 
In both cases equilibrium seems to be attained so closely that the difference 
between the two is within the region of experimental error — 


Cambridge 
Cerro 
Edinburgh 
Mt Everest 


Barometric 

pressure 


O s pressure in 0 2 tension m 
alveolar air arterial blood. 


761mm Hg 
458 

755 „ 

250 „ 


100 mm 99 

58 „ 59 

102 „ 101 

not available 


Many experiments have also been carried out on animals, especially 
by Krogh who varied the oxygen content of the alveolar air In 
no instance, however, has it been found that the tension of the oxygen 
m the arterial blood is ever above that m the alveoli 

2 Carbonic Acid — The dissociation of carbon dioxide from the 
blood takes place m the lung by the reverse processes from those 
which have just been described for its transport The chief factor 
is the fall of the tension of carbon dioxide m the lungs (42 mm ) 
compared with that at which it has been loaded (over 58) The 
process is facilitated by the affinity of haemoglobin for oxygen, which 
tends to drive the HOI from the corpuscle into the plasma , the HC1 
breaks up the HaHC0 3 and drives off the C0 2 into the alveolar air 
The tension of the carbonic acid in the tissues is over 58 but one 
cannot give exact figures , we can measure the tension of the gas in 
certain secretions in the urme it is 9, in the bile 7 per cent of an 
atmosphere The tension m the cells themselves must be higher still 
Summary of Carriage of Gases by the Blood — We are now 
m a position to view the general adaptation of the blood to the 
carriage of gases The actual taking up and giving up of oxygen 
and carbon dioxide we can look upon as a physical process 
depending on differences of partial pressure, but in the tissues the 
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giving up is matenally assisted not only in amount but also m 
rate by the fact that the tissues produce heat and carbon dioxide 
which hasten the reduction of oxyheemoglobm The reduced 
haemoglobin is thereby rendered available to take up more oxygen 
m tbe lungs, where the blood loses both heat and carbon dioxide, 
so that the action of the tissues thus aids indirectly the takmg-up 
process as well 

In legard to carbon dioxide a similar mechanism exists the 
changes in pressuie are the primary governing factors, the taking up 
of carbon dioxide being facilitated by the giving up of oxygen m the 
tissues and the reverse in the lungs 

The foil ow ing table summarises the mam facts m relation to the 
two gases, and the arrows indicate the direction in which the changes 
occur — 

Carbon Dioxide Oxygen 



Volume 

Pressure 

Volume 


Pressure 

-> Veins 

58 

at 58 

13 5 

at 

50 

Lungs 


42 



102 

Arteries 

54 

at 45 

18 5 

at 

80 


* 


'^-Tissues over 58 at over 58 under 13 5 at under 50 

These figures are approximate and may be taken as averages for the 
body at rest It is seen that the equilibration is almost complete 
in the lungs hut not quite In exercise the figures foi 00 2 m the 
tissues may be much mci eased and those for the 0 2 coirespondmgly 
reduced Actually also, for reasons to be described m relation to 
the respiratory quotient, the blood gives up m the lungs slightly 
less carbon dioxide than the amount of oxygen it receives Some of 
the oxygen is used to oxidise hydrogen and is excreted as watei 
(H 2 0) 

Cause and Regulation of Respiration 

There are three factors, each of which plays a part m maintaining 
and regulating the rhythmic movements of respiration They are 
the respiratory centre, the vagus nerves, and the chemical condition 
of the blood 

(1) The Respiratory Centre — If sections of the brain stem are 
made from above downwards all forms of respirations cease when 
the tip of the calamus scnptorius is reached For this leason 
Flourens, who first did the experiment, called this legion the 
lespiratoiy centie From the work of Lumsden, however, we know 
that respiration is affected by section of the brain at a much 
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higher level Section obliquely through the upper pait of the pons 
results m the production of apneustic respnation, ze lespiration 
which has a prolonged inspiratory phase, while after section through 
the middle of the pons gasping is the only type of respiration seen 
(fig 137) These stages are readily seen if an animal is bled to 
death, when we may assume that the different parts of the respiratory 
mechanism fail from above downwards In man these phenomena 



Fig 187 —A composite tracing showing different types of respiration produced by very severe 
haemorrhage at the point where the abrupt fall in blood pressure is seen Pieces of tracing were 
removed at 1 and 2 for convemence of reproduction First, normal respiration is seen which 
becomes deeper and subsequently shallower , between 1 and 2 are seen two respirations of the 
apneustic type, which may be absent if the haemorrhage is rapid , after 2 it. seen the typical 
gasping In some instances different types of respiration may gradually become superimposed 
on each other, e q the gasping may gradually come on during failing normal or apneustic 
respiration The blood pressure recorder was removed later to prevent damage of respiratory 
record (M'Dowall ) 


are also seen at the approach of death and, indeed, may be a valuable 
warning m anaesthesia 

The respiratory centre is probably twofold, consisting of an 
inspiratory and an expiratory centre Of these two the inspiratory 
centre is so much the more active that its importance is a subject of 
universal agreement , whereas, the existence of an expiratory centre 
is doubted by some physiologists, who regard expiration as a mere 
cessation of the active process of mspiration, and a mechanical falling 
back of the tissues into their places The respiratory centre is 
normally affected by chemical and nervous stimuli 
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(2) The Chemical Control of Respiration — The importance 
of the chemical stimuli was fully demonstrated by Haldane and 
Priestley 

In the first place, they mtioduced the simple method of ob taming 
the composition of the air m the alveoli (see fig 128, p 241) They 
found that, under constant atmospheric pressure, the carbon dioxide 
exerts an almost constant pressure in the alveolar air of the same 
peison In different individuals this pressure varies somewhat but 
averages about 40 mm Hg (5 to 6 per cent of an atmosphere) the 
pressure of the atmosphere m the alveoli at sea-level being 760 mm 
less 17 mm for water vapour 

They found that a rise of 0 2 per cent m the alveolar carbon 
dioxide is sufficient to double the pulmonary ventilation durmg rest 
This effect of carbon dioxide can readily be shown by causing an 
individual to breathe a mixture of 95 per cent oxygen and 5 per 
cent carbon dioxide If, on the other hand, an individual breathes 
more deeply and rapidly than he does normally at rest, % e until the 
air in the alveoli becomes more like that of the atmosphere and the 
carbon dioxide percentage m the lungs falls, respiration ceases for 
a short time This cessation is known as Apnoea It was once 
thought to be due to over-oxygenation of the blood, but it is now 
known that this cannot occur, since the arterial blood is almost fully 
oxygenated with normal respiration It has been supposed also that 
it is the result of inhibitory impulses which pass up from the lungs 
by the vagi (see Nervous Control of Respiration), but since it still 
occurs when the vagi are cut, this cannot be the cause Moreover, if 
the over- ventilation is carried out with expired air, no such apncea 
occurs It is now agreed, as shown by Frdd6ricq, that the cessation of 
respiration is the result of a fall of arterial carbon dioxide consequent 
on the reduction of the amount of that gas m the alveoli. This may 
fall to less than half the normal 5-6 per cent, but breathing is 
resumed before the normal is reached again, since the cessation of 
breathing eventually causes oxygen- want which sensitises the centre 
to the action of carbon dioxide 

That oxygen-want alone may cause increase of respiration is 
shown by causing an individual to re-breathe his own expired air, 
at the same time preventing an accumulation of carbon dioxide 
by passing the air through soda lime The increase, however, is 
slight compared with the effect of carbon dioxide Oxygen-want 
sensitises the centre to the effect of carbon dioxide But for this 
fact respiration would cease at high altitudes where, for example, 
the partial pressure of alveolar carbon dioxide may be 28 mm Hg 
instead of the normal 40 at sea-level 

From what we have said m relation to the exchange of gases m 
the lungs it is evident that the changes in the gaseous content bring 
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about similar changes in the artenal blood It is these changes in 
the gaseous content of the blood which really cause the alteration m 
the respnatoiy movements The final pioof of this was given by 
Fr6dericq m crossed circulation experiments, m which the respiratory 
centre of one animal was kept alive with blood fiom another, it was 
shown that the inhalation of caibon dioxide by the donor caused an 
increased lespiration in the animal supplied 

In similar experiments it has been found that asphyxia of an 
animal, excluding its bram, causes increased respiration It must 
not, therefore, be presumed that the carbon dioxide acts solely on 
the bram There is evidence that it may act on the spinal coid and 
also affect the respiratory centre reflexly by acting on the carotid 
smus (Heymans) The action of blood on the carotid sinus can be 
simply shown by clipping off the carotid arteries on the cardiac side, 
or by perfusmg them with blood of differing gaseous composition 
These other sites of action may be important in bringing about 
increased respiration in disease 

We now see how the increased respiration caused by exercise is 
brought about If the pulmonary ventilation is not sufficient to 
maintain the arterial carbon dioxide and oxygen at their normal 
levels (as in exercise when the blood reaching the lungs is excessively 
venous), the respiratory centre is stimulated by these substances and 
respiration is increased In severe exercise the respiratory centre 
is still further excited by the lactic acid which is produced by the 
active muscles m addition to carbon dioxide On the other hand, if 
ventilation is excessive, as m voluntary forced breathing, the caibon 
dioxide content of the arterial blood falls and the stmiulation of the 
respiratory centre is lessened 

Thus we see that respiration depends on metabolism, or more 
accurately on the carbon dioxide produced and the oxygen used by 
the tissues, and as we shall see later, the tissues which can affect 
the total metabolism most greatly are the voluntary muscles 

Forced breathing, since it causes the body to lose carbon dioxide, 
has a profound effect on the acid-base equilibrium of the body (see 
later Chapter) 

The Specific Respiratory Stimulus — If any acid is injected 
into the circulation an mcrease m respiration occurs and it has been 
debated whether or not it is the increased hydrogen-ion concentration 
rather than the carbon dioxide pw se which is the real stimulus 
That the former is not the case, however, is suggested by the fact that 
although the blood of an animal is made alkaline (and this degree is 
never reached during apnoea) by the injection of alkali, breathing 
still continues although slightly depressed 

Further, it has been found by Hooker that a given rise of 
hydrogen-ion concentration produced by C0 2 is much more effective 

12 
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as a respiratory stimulus than the same concentration produced by 
anothei acid 

The explanation for this has been afforded by Jacobs By 
studying the reactions within cells he established that the power 
of H 2 C0 8 , le H 2 0 + C0 2 , to penetrate through cell membranes is 
very much gi eater than that of any other acid It is therefore, 




Fig 138 — Records made with valve amplification and a Matthews’ oscillograph to show the afferent 
impulses passing up the vagus m the cat All but a few of the nerve fibres have been divided In 
B and 0 only one cardiac fibre is m action and in D only one fibre from the lungs 

A Decerebrate cat Record showing the discharge of impulses at each heait-beat (m nerve 
fibres corresponding to those of the cardiac depressor nerve in the rabbit) and at each expansion of 
the lungs (inspiration) 

B and G From another preparation made at a higher speed to show the individual impulses 
B shows three groups of cardiac impulses In C the onset of the inspiratory discharge is shown 
as well 

D The discharge of impulses m a single fibre of the vagus during inspiration The impulses 
occur m a regular series with a frequency which rises to a maximum at the height of inspiration 
(E D Adrian) b * 


presumably, the better stimulant of the cells of the respiratory 
centre 

Although, therefore, an increase in hydrogen-ion concentration 
may stimulate the centre, we may look upon carbon dioxide as a 
specific stimulus, and we may consider that other acids, e g lactic, 
will stimulate the centre, not only by increasing the hydrogen-ion 
concentration of the blood, but also by producing carbon dioxide from 
the bicarbonate of blood 
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(3) The Nervous Control of Respiration — It has long been 
known that sensory stimulation, or section 01 stimulation of the vagi 
may have an effect on respnation, hut the lelationship of these 
facts has become cleai only of recent yeais 

Dunng each inspiration and expnation impulses pass up the 
vagi This has been shown by placing the vagus on non-polansable 
electrodes connected with some form of electrometer 01 string 
galvanometer (Emthoven) A record is shown in fig 138 

If the vagi are cut or blocked in an animal deeply anaesthetised 
with chloral or morphine, the respiration becomes markedly slow and 
deep These facts were investigated by Herrng and Breuer in 1868, 
and they described what we now know as the Hm mg-Bi euer ? eflex, m 



Fig 189 — A record of respiration from a cat anspstbetised by chloralose and rested Between tbe 
arrows both the vagi v\ere blocked by an electric (galvanic) current Note the slow deep 
respnations winch result from the loss of the Hermg Breuer reflex 


which impulses pass up the vagi and cut short each respiratoiy phase 
Bespiration is thereby lendeied less deep than it otherwise would be 
We have also evidence that a nervous impulse passes up the 
vagus whenevei the lung is artificially inflated or deflated, but 
whether the impulse during the expiratory period is inhibitory to 
an expiratory centre, or a stimulus to an inspiratory centre, is 
difficult to decide The general evidence available suggests that 
there are really two centres acting reciprocally 

The subject was reinvestigated by Head, who for this purpose 
recorded the movements of a slip of diaphragm, which in the rabbit 
can be separated with its nervous and blood supply intact 

In one series of experiments posihve ventdaUon was performed , 
that is, air was pumped repeatedly into the lungs, and so mcreased 
their normal distension , this was found to decrease the inspiratory 
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contractions of the diaphragm, until at last they ceased altogether, 
and the diaphragm stood still m the expiratory position (fig 140, a) 
In a second series of experiments, negative ventilation was per- 
formed , that is, the air was pumped repeatedly out of the lungs, and 
a condition of collapse of the air- vesicles produced This was found 
to increase the inspiratory contractions of the diaphragm, expiration 
became less and less, and at last the diaphragm assumed the position 
of mspnatory standstill (fig 140, b) 

Lumsden more recently has shown that the passage of air over 
the mucous membrane of the air-passages may also act as an 
inhibitory stimulus 

If the vagi are cut, these inhibitory impulses are then absent, 
and respiration must depend on chemical stimuli Why, however, 
inspiration and expiration should still alternate is as yet unknown 



Pig 140 —Tracings of diaphragm The upward movements of the tracings represent 
inspiration , the downward movements, expiration A, result of positive, B, of 
negative ventilation (After Head ) 


Similarly, stimulation of the central end of the vagus, by setting 
up artificial mhibitory impulses, causes an inhibition of respiration 
m whatever phase respiration is at the time of the stimulation 
It was found, however, m Head's experiments, that with a strong 
stimulus the cessation of respiration was not abrupt, as m the 
cat under chloral, but that inspiratory efforts increased, until the 
diaphragm came to a standstill in the inspiratory position, while, 
with a weak stimulus, the expiratory efforts increased and the 
diaphragm stopped m expiration 

There is, however, evidence that the Hermg-Breuer reflex is not 
constantly in operation, otherwise we should not be able to breathe 
deeply during exeicise This may be shown experimentally By 
using a block with a galvanic current, M'Dowall has shown that 
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the effect of the vagi on the respiratory centre may be made to 
vary Thus, although at first, while the annual is under ether 
anaesthesia, block or section of the vagi may have no effect what- 
ever on respiration (Schafer), if the animal is allowed to rest 
under chloralose anaesthesia, the classical effect is obtained on 
blocking Again, it may be shown that asphyxia, sensory stimulation, 


or the injection of acid and adrena- 
line reduces or abolishes the effects 
of vagus section altogether The 
Henng-Breuer reflex is, therefore, to 
be considered a mechanism for the 
limitation of respiration especially 
during rest, somewhat analogous to 
the depressor reflex 

Shallow and Rapid Respiration — 
Such respiration is produced as a 
result of an exaggeiation of the 
Henng-Breuer reflex 

This exaggeration may be pro- 
duced by irritating the inside of the 
alveoli with a gas such as chlorine 
(one of the poison gases used in war) 
It may also be produced by sudden 
blocking of the pulmonary artery 
or its branches (embolism) Expen- 
mentally this has been done by 
injecting oil intravenously (Dunn), 
see fig 141 

The reflex ongm of such respira- 
tion is shown by the fact that it 
disappeais if the vagi are cut, and its 
importance lies m the fact that it 



occurs m pneumonia when it causes 
faulty aeration of the blood 

It must not be supposed, how- 
ever, that rapid shallow breathing is 
always due to this cause for such 
a condition may be due to a gradual 


course of an experiment m which pul 
monary embolism was produced in a goat 
The zero line represents the normal for 
each factor, and variations m each are 
recorded in percentage terms of the 
normal, so as to make all comparable 
As the percentage rise in rate exceeds the 
percentage rise in ventilation, the depth 
of breathing fells below the normal (J 
S Dunn ) 


weakening of the respiratory centre, 

such as occurs during deprivation of oxygen or lessening of the 
oxygen intake below a certam level , or agam tachypncea, the rapid 
respiration induced in some animals by heat, may be purely central, 
and may be produced by merely warming the blood as it goes to 


the brain 


Exhaustion of the respiratory centre may be brought about by 
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prolonged breathing through nariow tubing Hence the necessity foi 
wide-bored tubing in divers’ appaiatus and the lilce 

The Essential Nature of Respiration — Discussion is frequent 
on the question whether respiration is essentially a reflex phenomenon, 
the so-called lespiratory centres being merely synapses or central 
cells upon which carbon dioxide and oxygen act That carbon 
dioxide is essential for much nervous activity is well known , it is, 
for example, essential for the normal response of the vasomotor 
centre to posture and the maintenance of decerebrate rigidity It 
has been suggested that afferent impulses from the sensory nerves 
geneially brmg about inspiration, while expiration is a reflex response 
to afferent impulses arising from the mspiratory muscles The other 
view is that the centres of the brain are constantly giving off 
rhythmical stimuli to the respiratory muscles m virtue of their 
inherent rhythm Recently this view has been strongly supported 
by Adrian who has found that if electrodes are placed on the brain 
removed from a goldfish, groups of electrical impulses may be 
recorded which correspond to gill movements In the fish these 
correspond to respiratory movements 

This experiment appears to supply the hitherto unobtainable 
proof that the bram can set up rhythmical impulses foi respiration m 
the absence of receipt of afferent impulses Hitherto it has not been 
possible to obtain evidence of respiratory activity without making 
use of some respiratory movement which m itself may be the origin 
of afferent impulses In the mammal it is also impossible to cut off 
all afferent stimuli without so injuring the blood supply that the 
bram dies, for the central respiratory mechanism dies rapidly when 
the blood supply ceases 

The Effect of Higher Centres — Krogh pointed out that at the 
onset of exercise the increase in total ventilation may be immediate, 
and may take place before any chemical changes could have occurred 
m the blood This may be shown by causing an individual to work 
a stationary bicycle with an electro-magnetic brake the strength of 
which can be altered without the knowledge of the subject With 
an increase of load, the subject’s respiration is at once augmented , 
but not only so, for a similar augmentation occurs if he sees the 
switch being moved and thinks the loading current has been thrown 
m The initial increase m total ventilation would therefore appear 
to be effected by the higher regions of the bram 

In connection with the relative importance of the nervous and 
chemical factors m breathing, it was at one time held that if the 
vagi were cut caibon dioxide could not cause an mcreased late of 
respiration Scott, the author of this view, has now withdrawn it 
smce further experiments have proved it to be untenable Even 
when these nerves are divided, however, an increase m rate can be 
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produced by causing the animal to re-breathe its own expired 
air provided all other sensory stimulation has been avoided 
(M'Dowall) 

To sum up — In a normal respiration the chemical and nervous 
factors would therefore appear to be related somewhat as follows 
The inspiratory centre makes an effort, the degree of exaltation 
of the centre, and therefore, the magnitude of the effort, more 
especially in the matter of depth, is governed by the tension 
of acid (and especially the carbonic acid) m the blood, but it is cut 
short by an inhibitory impulse passing up the vagus, only to begin 
again when the effects of this inhibitory impulse are removed 

The First Inspiration — During foetal life the need of the 
embryo for oxygen is small, and is amply met by the transference 
of oxygen from the maternal blood through the thm walls of the 
foetal capillaries m the placenta But when the child is born, this 
source of oxygen is no longer available, the increasing venosity of 
the blood stimulates the respiratory centre to action, and is the 
essential cause of the first inspiratory efforts the new-born child 
makes to obtain the oxygen it requires It is said that if the 
placental circulation is stopped while the child is still m uteio, 
respiratory efforts are also made Some regard the action of the 
air on the body surface as an accessory cause of the first respirations, 
and it is the practice to increase this m feeble children by 
stimulating the cutaneous nerves by the application of cold water 
to the skin Such treatment always causes deep inspirations, even 
m the adult There are other nerves stimulation of which influences 
the respiratory act for instance, stimulation of the central end of 
the glossopharyngeal inhibits the respiratory movements for a short 
period, this accounts for the very necessary cessation of breathing 
during swallowing Stimulation of the central end of the cut 
superior laryngeal nerve, or of its terminations m the mucous 
membrane of the larynx, as when a crumb is “ swallowed the wrong 
way,” produces an increase of expiratory efforts, which culminate m 
coughing 

Breaking-Point — The time which the breath can be held depends 
on the accumulation of carbon dioxide in the blood Usually the 
breaking-pomt is reached when the carbon dioxide in the alveoli 
has reached 8 per cent If, however, the individual re-breathes his 
own expired air, and does not cease respiratory movements, it is 
found that breakmg-point is much later , mdeed, in some determined 
persons, unconsciousness may occur first The cause of this is not 
quite certam but it seems that holding the breath causes much 
greater oxygen lack to the tissues than re-breathing, because the 
circulation is impeded by the loss of the respiratory pump 
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Cheyne-Stokes Respiration 

This is a condition in which the breathing waxes and wanes 
(fig 142) It is an exaggeration of the type of respiration which is 
often seen during sleep m perfectly healthy people It may be 
induced in normal persons if they make themselves pant violently 
for 1-2 minutes If then respiration is allowed to take its own 
course, there will first be a pause (apncea), then Cheyne-Stokes 
respiration will be set up The groups will become less and 
less distinct, and respiration will ultimately become normal The 
explanation is as follows — 

The panting causes an undue amount of carbonic acid to be 
swept out of the body, with the result that the carbonic acid tension 
m the blood and m the tissues sinks to perhaps a quarter or a third 



Fig 142 — Stethograph tracing of Cheyne Stokes respiration m a man The time is 
marked in seconds (Pembrey and Allen ) 


of its usual value Alieady we have seen that carbonic acid is an 
active stimulant to the respiratory centre, and its removal causes 
respiration to cease, hence the apncea But during the apnoeie period 
the arterial blood becomes less and less oxygenated This causes the 
respiratory centre to become unduly irritable, so that when carbon 
dioxide does accumulate it over-stimulates the centre and causes 
itself to be washed out again, another period of apncea or of 
reduced respiration is then produced Cheyne-Stokes breathing is 
dependent, therefore, on oxygen-want 

“ If from any cause, such as cerebral haemorrhage or circulatory 
failure, the circulation through the respiratory centre is interfered 
with, or if the absorption of oxygen is interfered with by such causes 
as diminished barometric pressure or pathological conditions in 
the lungs, the occurrence of periodic or Cheyne-Stokes breathing 
becomes easily intelligible ” — (Haldane and Douglas ) ° 
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Researches by Roberts and by Mellanby and Huggett seem to 
show the piesence of vasomotor changes m the medulla which 
cannot be ignoied as a factoi m Cheyne-Stokes respiration 

Pathological Cheyne-Stokes respiration may be removed by 
administration eithei of oxygen or of carbonic acid 


Special Respiratory Acts 

Coughing — In the act of coughing there is first of all a deep 
inspiration, followed by an expiration, but the latter, instead of 
being easy and uninterrupted, as in normal breathing, is obstructed, 
the glottis being momentarily closed by the approximation of the vocal 
cords The abdominal muscles, then acting strongly, push up the 
viscera against the diaphragm, and thus make pressure on the air m 
the lungs until its tension is sufficient to open noisily the vocal cords 
which oppose its outward passage In this way considerable force is 
exercised, and mucus or any other matter that may need expulsion 
from the air-passages is quickly and sharply expelled by the out- 
streaming current of an The act is a reflex one, the sensory surface 
which is excited being the mucous membrane of the larynx, and the 
superior laryngeal nerve is the afferent neive, stimulation of other 
parts of the respiratory mucous membrane will also produce cough, 
and the point of bifui cation of the trachea is specially sensitive 
Other sensoiy sui faces may also act as the “signal surface ” for a 
cough Thus, a cold draught on the skm, or tickling the external 
auditory meatus, m some people will set up a cough 

Sneezing — The same remarks that apply to coughing are almost exactly 
applicable to the act of sneezing , but, m this instance, the blast of air, on 
escaping from the lungs, is directed, by a contraction of the pillars of the fauces 
and descent of the soft palate, chiefly through the nose, and any offending matter 
is thence expelled 

The “signal surface” is usually the nasal mucous membrane, but here, as m 
coughing, other causes (such as a bright light) will sometimes set the reflex going 

Hiccough is an involuntary sudden contraction of the diaphragm, causing an 
inspiration which is suddenly arrested by the closure of the glottis, causing 
a characteristic sound It usually arises from gastric irritation 

Snoring is due to vibration of the soft palate 

Sobbing consists of a series of convulsive inspirations at the moment of which 
the glottis is partially closed 

Sighing and Yawning are emotional forms of inspiration, the latter associated 
with stretching movements of }aws and limbs They appear to be efforts of 
the nervous system to correct, by an extra deep inspiration, the venosity of the 
blood due to inactivity produced by ennui or grief 

There are many other abnormalities of the respiratory mechanism which will 
become familiar to the student of medicine during his clinical studies We may 
mention, as an example, laryngismus stridulus (the spasmodic croup of children) 
This is a nervous affection due to increased reflex irritability of the laryngeal 
mechanism , the fits of suffocation are produced by tonic spasm of the adductor 
muscles of the glottis, such as may occur m rickets and which really is a laryngeal 
manifestation of tetany. 
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Artificial Respiration 

In expei iments on animals in which it is necessary to open the 
chest, life can he maintained by pumping air into the lungs , this is 
done by means of some form of pump or bellows, the delivery tube 
of which is connected to the trachea by a cannula, a side hole m 




B 

Fig 148 —This illustrates the two principal positions A and B m performing Schafer’s method 
of artificial respiration Reproduced by permission of Sir B Sharpey Schafer and the 
National Life Saving Society 


which provides for the escape of the expired air A bottle contain- 
ing the anaesthetic is placed on the course of the delivery tube 

Artificial respiration is sometimes necessary m man to restore 
normal breathing, as foi instance in those who are apparently dead 
from drowning In such cases speed m commencing the artificial 
breathing, and perseverance m continuing the process are essential 




OH XVIII ] VENTILATION 275 

Many have been restored to life after the effoits have been continued 
for an hour or more It is now recognised that of the numerous 
methods for performing aitificial respiration, that introduced by 
Sharpey-Schafer is the simplest, least injurious, and most effective 
The subject is laid on the giound m the prone position, with a 
thick folded garment under his chest This position facilitates the 
flow of watei fiom the mouth which should be freed of all obstruc- 
tions, mud, weeds, etc The operator kneels by his side 01 athwart 
him facing his head, and places his hands on the small of the 
patient's back He slowly throws the weight of his body foi wards, 
and thus presses upon the abdomen of the subject, and forces air out 
of the lungs (fig 143, a), he then gradually relaxes the pressure 
by bunging his body up again, but without removing his hands 
(fig 143, b) Shaipey-Schafer insists on the point that the driving 
upwards of the diaphiagm by the pressuie m the abdomen is moie 
important than attempting to push up the ribs This is repeated 
regular ly at the rate of twelve to fifteen times a minute until normal 
respiration begins, 01 until all hope of restoration is given up, but 
while the heart beats there is hope 

It cannot, however, be over-emphasised that the important thing 
about artificial respiration is to ge t begun, for every second's delay 
makes recovery less likely On the opeiatmg table during a surgical 
operation it may not be convenient to turn the patient on his face, 
but adequate lespnation may be obtained by gentle rhythmical 
compression of the abdomen or by pulling up the ribs by means of 
the arms Almost any method gives a ventilation equivalent to the 
normal tidal an 


Ventilation 

Some obseivers have stated that certain noxious substances are 
ordinarily contained m expned air which are much more poisonous 
than carbonic acid, but careful reseaich has failed to substantiate 
this view If precautions be taken by absolute cleanliness to 
prevent admixture of the air with exhalations from skm, teeth, 
and clothes, the expired air contains only one noxious substance, 
and that is carbonic acid 

An adult gives off about 0 6 cubic feet of carbonic acid per hour, 
and if he is supplied with 1,000 cubic feet of fresh air per hour, he 
will add 0 6 to the 0 4 cubic feet of carbonic acid it already contams , 
m other woids, the peicentage of that gas will be raised to 0 1 An 
hourly supply of 2,000 cubic feet of fresh air will lower the percentage 
of carbonic acid to 0 07, and of 3,000 cubic feet to 0 06, and this is 
the supply which is usually recommended In order that the air may 
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be renewed without giving rise to draughts, each adult should be 
allotted suffij^nt space m a room, at least 1,000 cubic feet, but 
this is seldom possible 

Leonard Hill considers that smce the carbon dioxide even of a 
stuffy room seldom uses above 0 1 per cent , a level which is readily 
compensated by an imperceptible increase in respiration, the effects 
of bad ventilation are not so much due to changes m the chemical 
composition of the air, as to the absence of movement m the air, 
moving air has a stimulating, and still air a depressing effect 
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CHAPTER XIX 


THE RELATION OF RESPIRATION TO OTHER PROCESSES IN THE BODY 

THe Effect of the Respiratory Movements on the Circulation 

The mam effect of respiration on the circulation is shown m the 
accompanying figure (fig 144) It will be noticed that the arterial 
pressure rises with inspiration and falls with expiration, but that 



Fig 144 —Comparison of blood pressure curve with curve of intra thoracic pressure (To be read from 
lAfh to neht ) a is the curve of blood pressure with its respiratory undulations, the slower heart 
beats on the descent being unusually well marked, 5 is the curve of intra thoracic pressure 
obtained by connecting one limb of a manometer with the pleural cavity Inspiration begins at % 
and expiration at e (M Foster ) 


the two events are not quite synchronous, the use of pressure 
beginning a little later than the inspiratory act, and the fall a 
little later than the expnatory act 

These variations are chiefly the result of the mechanical con- 
ditions dependent on the lungs and heart with its large vessels being 
contained within the air-tight thorax If the mtra-thoracic pressure 
is measured, it is found that it varies from -5 to -7 mm of 
mercury at the end of expiration to — 30 at the end of a deep 
inspiration, that is to say, from 5 to 7 to 30 mm less than the 
atmospheric pressure (760 mm of mercury) The pressure outside 
the heart and large thoracic vessels is correspondingly diminished 
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during inspiration to the same extent, and produces its mam effect 
(distension) upon the veins and the light heait At the same tmie 
there is a diminished lesistance m the pulmonary cncuit (Shaipey- 
Schafer), and lowered piessuie m the perieaidium (Lewis) for similar 
reasons To put the matter in a few words, when the chest cavity 
is enlarged in inspiration, not only is air sucked into the lungs but 
more blood is also sucked mto the vems and so into the heart In 
expiration the reverse occurs The increased venous pressure sets 
up the Bainbridge right auricular reflex and the heart-rate increases 
This together with the increased venous leturn increases the output 
from the right side of the heart, and thus ma the pulmonary circuit 
the inflow into the left side of the heart is increased , m its turn, 
therefore, the output from the left ventricle rises, and so the aortic 
pressure is raised This effect would be counteracted if the aorta 
and its branches within the thorax were as easily affected by changes 
of the mtra-thoracic pressure as are the thin-walled and easily 
distensible vems, the thick wall of the aorta and its branches, 
however, prevents them from undergoing much change of this kind 
durmg ordinary breathing The conditions in the veins are reversed 
when, with the expiratory act, the thorax returns to its former size , 
therefore the arterial blood-pressure falls 

The effect of inspiration on arterial blood-pressure is at first 
assisted by the pressure of the diaphragm, as it descends, on the 
abdominal veins, and blood is thus sent upwards mto the chest by 
the vena cava inferior On the other hand, this is to some extent 
counterbalanced by the obstruction in the passage of the blood down- 
wards m the abdominal aorta, but again the vems are the vessels 
more easily influenced by moderate changes in external pressure 
We thus see that these various conditions produce during inspira- 
tion an increased flow of blood mto the right heart , this increased 
supply of blood is then passed ma the pulmonary circuit to the 
left heart, this takes a little time, hence it is that the effect of 
inspiration m raismg arterial pressure is not seen at the very com- 
mencement of the inspiration In fact, in some animals which 
normally breathe very quickly (for instance, the rabbit), inspiration 
is over, and the next expiration has begun before the rise of blood- 
pressure occurs By making a rabbit breathe slowly (Fr<$d^ricq 
accomplished this by cooling the medulla oblongata), the tracmg 
obtained is similar to that which is taken from an animal like a 
dog, which normally breathes slowly 

Artificial respiration performed by means of a pump which forces 
air mto the chest produces converse undulations m blood-pressure, 
each blast of the pump mcreases the pressure m the lungs and m 
the chest and causes a reduction m the output of the heart, like the 
normal expiratory act 
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Valsalva's Ewp& mient — In speaking of the effects of expiration, 
we have considered only oidmary quiet expiration With forced 
expiration, theie is considerable impediment to the circulation, this 
is markedly seen m what is called Valsalva’s experiment This con- 
sists m making a forced expiratory effort with the mouth and nose 
shut , the effects are most marked m people with an easily compres- 
sible thorax By such an act the mtra-thoracic and abdominal 
pressures rise so greatly that the outlets of the veins of the hmbs, 
head, and neck into the thorax are blocked At first, the blood m 
the lungs is foiced out, this produces a slight rise of arterial 
pressure , but soon, if the effort is contmued, the lungs are emptied 
of blood, the filling of the right heart is opposed, and the blood is 
dammed back m the peripheral veins, where the pressure rises to the 
mean arterial pressure The arterial pressure begins then to fall, 
but before any considerable fall occurs, the expiratory effort ceases 
from exhaustion of the experimenter, and a deep mspiration is taken * 
During this inspiration, the blood delivered by the right heart is all 
used m the filling of the comparatively empty pulmonary vessels , 
thus several beats of the left ventricle become aboitive, and produce 
no effect on the systemic arteries , the face blanches, and the subject 
becomes faint from cerebral anaemia The alteration of the pulse 
which occurs m Valsalva’s experiment may be shown graphically by 
the sphygmogiaph 

Asphyxia 

Asphyxia may be produced by anything which pi events adequate 
aeiation of the blood If the cause of the asphyxia is not due to 
the failure of respiration itself, as m damage to the medulla, the 
symptoms of asphyxia may be roughly divided into three stages 
(1) the stage of exaggerated breathing (hyperpnoea) passmg into 
dyspnoea, (2) the stage of convulsions, (3) the stage of exhaustion 
or collapse 

In the fi i st stage the breathing becomes much deeper than usual, 
inspiration at first being especially exaggerated and prolonged The 
muscles of extraordinary inspiration are called into action, and the 
effoit to respire is labouied and painful This is soon followed by 
a similar increase m the expiratory efforts, which become excessively 
prolonged, being aided by all the muscles of extraordinary expira- 
tion During this stage, which lasts a varying time from a m in ute 
upwards, accoidmgas the deprivation of oxygen is sudden or gradual, 
the lips become blue, the eyes aie prominent, and the expression 
intensely anxious This stage is due to the powerful stimulation 
of the respiratory centre by the increasingly venous blood 

In the second stage, which is not marked by any distinct line of 
demarcation from the first, the violent expiratory efforts become 
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convulsive, and then give way, in men and other warm-blooded 
animals, to general muscular convulsions, which arise from the further 



stimulation of the centres m brain and cord by venous blood The 
convulsive stage is a short one, and lasts less than a minute 

The third stage is that of exhaustion In it the respirations all 
but cease, the spasms give way to flaccidity of the muscles, there is 
insensibility, the conjunctivse are insensitive and the pupils are 
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widely dilated Every now and then a prolonged sighing inspiration 
takes place, at longer and longer intervals, until breathing ceases 
altogether, and death ensues Duung this stage the pulse is 
scarcely to be felt, but the heart may beat for some time after the 
respiration has stopped The condition is due to the gradual 
paralysis of the centres by the prolonged action of the venous blood 
This stage may last thiee minutes and upwards 

The changes which occur m the cn dilation aiealso chaiactenstic 
In anaesthetised animals the aitenal and venous pressures rise above 
the normal during the fiist stage (fig 145), this is due to stimulation 
of the vasomotoi centie and of the sympathetic leadmg to cardiac 
acceleration which, togethei with the increased venous pressuie, causes 
an increased cauhac output (Mathur) This latter feature may 
not, howevei, show if the hcait has alieady been acceleiated or if 
the sympathetic has been depiessed by the anaesthetic There is 
also no doubt a secietion of adienalme which acts both on the heait 
and blood-vessels If the vagi aie not divided previously, the rise 
of pressure is much less, and as the asphyxia proceeds the cardiac 
acceleration is replaced by cardiac slowing tins enables the heart 
to last longer, and is due to excitation of the cardio-mhibitoiy centre 
by venous blood The final fall of blood-pressure is due to the 
dilator effects of carbon dioxide on the internal peripheral vessels 
Later the heart itself fails and the vasomotor centre dies 

It should be noted that similar central effects are produced by 
asphyxia of the head only even if aitificial respiration is kept up 
The late slowing of the heart is an impoitant diagnostic sign of 
asphyxia of the brain m ceiebral injuries 

After death the light side of the heart and the great vems 
aie engorged with venous blood, while the left side and the 
aitenes aie empty Tins is the lesult of the failure of the heait 
as a pump, and of the oontiaction of the smaller artenes and 
skin capillanes which togethei cause the enormous use m venous 
pressure 

The Relation of Respiration to Nutrition 

The gaseous interchanges m the lungs constitute what is fie- 
quently termed external respiration Oxygen obtains an entrance 
into the blood, and is carried to the tissues m the loose compound 
known as oxyhemoglobin In the tissues, this compound is dis- 
sociated, and the respnatoiy oxygen is utihsed by the tissue elements 
for the combustion processes which occur consequent on their 
activity Of the ultimate pioducts, carbonic acid and a portion of 
the water find an outlet by the lungs, to which they are transported 
by the venous blood The gaseous interchanges in the tissues con- 
stitute what is known as internal or tissue oespwation 
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Tissue Respiration — External or pulmonary respiration is much 
less obscure than tissue or internal respiration It muftt be borne in 
mind, however, that pulmonary respiration is but the means, and 
tissue respiration is the end 

Tissue respiration consists m the passage of oxygen from the 
blood of the capillaries to the cells of the tissues, and the passage 
of carbonic acid m the reverse direction This gaseous interchange 
is no doubt brought about by a simple process of diffusion The 

oxygen passes out of the plasma 
of the blood through the capil- 
lary wall, and then through the 
lymph until it reaches the cell m 
which it is to be used, which we 
will suppose is a muscle -fibre 
fig 140 (fig 146) In order that a con- 

stant stream of oxygen may pass 
from the blood to the fibre, there must be a difference of oxygen 
pressure between the oxygen dissolved m the plasma, and that 
dissolved m the lymph, and the latter must be at a greater 
pressure than that dissolved m the muscle-fibre The amount 
of oxygen which passes will, other things being equal, be directly 
proportional to these pressure differences, and as the amount vanes 
greatly at different times, it is obvious that the pressure differences 
also vary greatly When the muscle is at rest, the oxygen pressure 
in the capillaries is very near to that m the muscle-fibre , when the 
muscle is active and using large quantities of oxygen, the mtra- 
musculai oxygen is reduced and oxygen enters the muscle 

The tension of oxygen m resting tissue has been calculated 
as being about 19 mm of mercury , from this it may vary down 
to zero or up to 35 mm according to the activity of the tissue This 
tension may be mvestigated by injecting a bubble of nitrogen into 
the tissue and subsequently withdrawing and analysing the bubble 
which gets into gaseous equilibrium with the tissues Within the 
limits indicated the rate of diffusion can be increased by a drop m 
the tissue oxygen pressure 

From what has been said regardmg the effect of carbon dioxide 
and acids in reducing the amount of oxygen held by the blood it may 
be deduced that the capillary oxygen pressure will be raised by the 
increased quantity of acid which is thrown into the blood as the 
result of muscular activity The following diagram (fig 147) shows 
the extent, both in degiee and time, of this pouring of acid into the 
blood as the result of a short tetanic contraction of a muscle 

In glandular structures the oxygen pressure is higher than 
m muscle, probably owing to the relatively more copious blood- 
supply of glands, equihbuum is more readily established between 
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the blood and the gland cells, the oxygen pressure in the cells being 
almost that present m venous blood ° 

The quantity of oxygen used by diffeient tissues varies not only 
with the degree of then activity, but also with the nature of the 
tissues On the whole it may be said that, weight for weight, 
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Time m seconds 

Fig 147 —The black area represents the lactic acid thrown into the blood during the time following 
a tetanus that lasted 84 seconds , the work done by the muscle was 70 gramme centimetres the 
total quantity of lactic acid formed was 0 008 grammes The figures on the vertical line represent 
fractions of a gramme of lactic acid per second 

glandular tissue uses most oxygen, nextqm order come the 
muscular tissues, and last of all, the connective tissues There are 
some important tissues, notably the neivous system, about which little 
is known m this connection The amount of oxygen used by an organ 
or tissue per gramme per minute is called its coefficient of oxidation , 
which is calculated after weighing the organ, ascertaining the 
amount of blood which flows through it m a given time, and by 
finding the difference m oxygen content of the blood arriving at and 
leaving the tissue 

Relation of Tissue Resp nation to Functional Activity — In all 
organs increased activity is accompanied by increased oxidation 
Much interest is centied m the question of the order of time 
m which these events take place The matter has been investigated 
m skeletal muscle and m the submaxillary gland (fig 148), both 



Fig 148 —The black white line represents rate of salivary secretion m c c per minute S— 5= base 
line for saliva Black area -oxygon used by the gland 0 — 0 - oxygen base lme 


of which organs can be thrown into profound activity for a short 
space of time , m each, most of the oxidation follows on the activity, 
and not the activity on the oxidation The impoitant mference is 
drawn that neither the contraction nor the secretion is caused by 
the oxidation in the sense that the machinery of a locomotive is 
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driven by the energy derived from the oxidation of the coal , rather 
is the mec hanism like that of a spnng which is libeiated at the 
moment of doing; the work, and has to be rewound subsequently, 
the piocess of rewinding involves oxidation (see Muscle) In muscle 
we have seen that the heat-formation which occurs m the period 
following activity takes place only if the muscle is supplied with 
oxygen The output of carbonic acid, m its turn, follows the intake 
of oxygen The order of events is therefore (1) increase of 
functional activity , (2) increase of heat formation and oxygen taken 
m , and (3) increase of carbonic acid output 

The table below shows the coefficients of oxidation for resting 
organs, and the extent to which they are increased m activity In 
many cases the quantitative relationships have not been worked out 
Eeeent research on the heart has shown that if N is the number 
of beats per minute, T, the maximum blood-pressure which is attained 

N x T 

at each beat, and 0, the amount of oxygen used, then — ^ — is a 

constant quantity, unless the cardiac muscle is itself rendered less 
efficient, as may be done by the use of drugs This is m agreement 
with a series of researches on the heat given out by frog’s muscle, 
which shows that the heat given out m a single contraction varies 
directly with the tension m the muscle 


Organ 

Condition of Rest 

Oxygen used 
per minute 
per gramme 
of organ 

Condition of 

Activity 

Oxygon used 
per minute 
per gramme 
of organ 

Voluntary 

muscle 

Nerves cut 

Tone absent 

0 003 c c 

Tone existing m rest 
Gentle contraction 
Active contraction 

0 006 c C 

0 020 c c 

0 080 c c 

Unstriped 

muscle 

Resting 

0 004 c c 

Contracting 

0 007 c c 

Heart 

Very slow and 
feeble con- 
tractions 

0 007 c c 

Normal contraction 
Very active 

0 05 c c 

0 08 c c 

Submaxillary 

gland 

Nerves cut 

0 03 c c 

Chorda stimulation 

0 10 c c 


The Mechanism of Oxidation Glutathione — The phenomenon of oxida- 
tion (auto-oxidation) m the body is one of the most important aspects of metabolism, 
and the fact that it occurs with ease at the temperature of the body is not the least 
surprising circumstance Investigators have therefore attempted to explain the 
mechanism concerned 
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The Total Gaseous Exchange — This depends entirely on the 
needs of the body, and, as pointed out by Haldane, it is impoitant 
to remark that the muscles conti ol lespiration just as they do the 
circulation and arrange, largely by virtue of the carbon dioxide 
and lactic acid they produce, that then needs aie piovided for In 
each instance then requirements may be anticipated by the effect of 
the higher centres, but this is not essential 

At rest the oxygen intake of an average man is 200-400 cc 
per mm, but this varies accoiding to the work done and many other 
factors (See Basal Metabolism ) 

The Respiratory Quotient — This is the latio between the 
amount of carbon dioxide given out and the amount of oxygen 

retamed, %e The amounts of these gases m the expired air 

and inspired air are seen in the following table, which gives 
average figures — 



Inspired Air 

Expired Air 

Oxygen 

Nitrogen 

Carbonic acid 

Water vapour 
Temperature 

20 96 vols per cent 
79 

0 04 „ 

variable 

1 

16 03 vols per cent 

79 57 „ 

4 4 ,, ,, 

saturated 

that of body (37° C ) 


It is seen that about 5 volumes of oxygen have been taken up 
while 4 5 volumes of carbon dioxide have been given off In this 
instance the respiratory quotient is 0 9, but the figuie may vary 
somewhat according to circumstance 

If carbohydrate only is being burnt in the body, eg glucose 
(C 6 H 12 0 6 ), all the oxygen taken in appears as carbon dioxide (C0 2 ) 
m the expired air, since the carbohydrate itself contains sufficient 
oxygen to oxidise its own hydrogen The respiratoiy quotient is 
therefore 10 

If, however, fat is burnt, eg tristearm (C 67 H 110 O 6 ), oxygen is 
also necessary to oxidise the hydrogen to water (H 2 0) Thus the 
amount of oxygen retamed becomes relatively larger than that of 
the caibon dioxide expired — and the respiratory quotient becomes 
less than unity The respiratory quotient may therefore be used 
to indicate the relative amounts of fat and carbohydrate which are 
being used as fuel m the body Protein gives a respiratory quotient 
of about 0 85, % e between fat (0 7) and caibohydrate (1 0), and there- 
fore does not influence the total respiratory quotient appreciably 

In the above table the nitrogen content of the sample of air is obtained by 
subtracting the amount of 0 + C0 2 from 100, but for reasons just given the O + C0 2 
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expired is not equal to the amount inspired, and the amount of nitrogen expired 
appears huger than that mspited In moie accuiate work this is taken account of 
and the actual amount of oxygen mspned foi each 100 c c of air expued is found 

thus 20 94 v This divided into the CO w expned is known as the collected 

respiratory quotient 


The Effect of Exercise on the Respiratory Quotient — Dunng seveie 
exeicise it is found tint the lespimtoiy quotient may rise above unity This is 
considered to be due to excessive stimuhtion of the respiratoiy centre by afferent 
impulses and partially to cat bon dioxide being liberated from the bicarbonate of 
the blood by lactic acid Whc n the exercise ceases the respiratory quotient rises 
abiuptly and may even icach 2 is a lesult of the cessation of the hyperpnoea 
Gradually, however, the opposite st lie of affairs occurs The lactate m the blood 
gradually undergoes oxid ition (luring the lccovery and alkali is set free Caibon 
dioxide is now retained to hum b u aibonatc so to maintain the acid-base equilibrium 
of the blood and the lospuatory quotic nt falls below 1 

Hill, Long, nul Lupton h ivc colic c t< d the expired an during the exercise and 
the lecoveiy pentx/, <tncl it h<is be c n found tint the respiratory quotient for the total 
excess metabolism of cxcicisc is exactly unity, a fact which goes to indicate that 
m exeicise caibolrydiatc is the fuel used In piolonged exeicise a fall m this 
respiratory quotient suggests the use of fat 


Oxygen Defat — Dm mu, sevcie exeicise it is impossible for an 
individual to take m as much oxygen as is needed for the exeicise, 
and, as we have already seen in i elation to the chennstiy of muscular 
contraction an oxygen debt js contracted Lactic acid is pioduced 
and lactates aie formed by its action on the bicaibonates After the 
exercise the debt gets lepaid, the lactates becoming oxidised This 
shows itself by the mci eased oxygen consumption which continues 
for a consideiable pound aftei the exeicise has ceased, the 
recoveiy pound Thus we see that the tacts which have been found 
m relation to isolated muscle apply also to the body as a whole 


Local Oxygen-Want 

This may occiu if thoie is obstruction to the blood-supply of 01 
venous return fiom an organ If due to aiteual obstiuction 01 to 
simple piessuie, gangrene 01 death of the pait xapidly ensues unless 
collateial circulation is established, if due to venous obstruction, 
the vitality is impnned and, until the blood has found some other 
route of return, maiked swelling of the pait, as the result of 
increased permeability of the impair od capillaries, is evident 

General Oxygen-Want 

Baicioft m describing the methods by which oxygen-want may 
be produced has adopted a homely simile He compares oxygen- 
want to failure of the milk supply It may be due to three 
causes 1 Theio may not be enough milk at the dairy 2 The 
milk may be adulteiated so that what is sold is not milk 3 The 
milkman may not call In 1, the anoxic type, the blood is normal 

K 
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but does not take up sufficient oxygen m the lungs Usually this 
is due to failuie of the respiratory mechanism In 2 , the anaemic 
type, the blood is deficient m haemoglobin and cannot carry oxygen 
This occurs in coal-gas poisoning and m anaemia In 3, the stagnant 
type, there is faulty transport of normal blood which may contain 
the normal amount of oxygen This variety is due to a failure m 
the circulation 

Each of these vaneties is met with m patients and usually leads 
to breathlessness if the fault is not due primarily to failure of 
the respiratory centre The treatment of general anoxaemia is, 
however, of gieat practical importance as the condition rapidly leads 
to tissue destruction and death if allowed to persist 

One of the most dramatic varieties of oxygen-want is that 
produced when a man descends mto a well filled with gas which 
is not of itself harmful The onset of unconsciousness is sudden 
and without warning, exactly as occurs when the blood supply to 
the brain is cut off The breathing of pure nitrogen or any other 
gas other than oxygen produces a similar result In ascent to 
a high altitude the onset of the oxygen- want is more giadual (see 
below) 

Breathlessness or Dyspnoea may be produced by one oi both 
of two causes — (1) Alterations in the stimuli which play on the 
respiratory centre, and (2) alterations in the irritability of the 
centre itself The lespnatory centre does not escape the influence 
of factors which exalt or depress the excitability of the medulla 
generally, for example, the great increase of carbonic acid which 
occurs in the blood under the influence of morphine is no doubt due 
to depression of the whole brain, including the respiratory centie 
But recent investigations have been more particulaily diiected to 
the part played by changes m the stimuli which affect the centie 

The commonest physiological cause is exercise, which increases 
the amount of C0 2 m the blood, but as in the circulation, increased 
respiratory activity may precede the exercise through the effect 
of the higher centres In sustained or severe exercise, the effect 
of C0 2 is enhanced by the production of lactic acid If the exeicise 
is prolonged the well-known phenomenon of second wind occurs 
This appears to be in part the result of a moie economical use of 
the muscles and the lessened production of carbon dioxide since it 
has been found that at this stage there is a fall m the alveolar C0 2 
By this time the circulation also adapts itself to its task 

It is important to remark, that anything which causes delay 
of the circulation, also causes mcreased lespiration, since there 
is added to the action of the C0 2 in the arterial blood the effects of 
the C0 2 produced by the respiratory centre itself In addition 
blood tends to accumulate m the lungs, the vital capacity is deci eased 
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and the exchange of gas m the lungs is- mechanically intei feied 
with This occurs in some foims of cardiac disease 

Breathlessness, it will be evident, is brought about by anything 
which reduces the respnatory quality of the blood, such as blood 
loss or the presence of abnormal acids, or by anything which 
causes faulty oxygenation of blood m the lungs Whenever there 
is present any pathological state which tends to produce breathless- 
ness, this symptom is increased by exercise 

The extent, howevei, to which exercise will produce dyspnoea 
depends on tiaming which makes it possible for the exercise to be 
carried out with greater economy {second ivmd) 

Ascent to High Altitudes — A stud> of the dissociation curve of 
oxygen at low tensions indicates that at high altitudes the blood can 
take up veiy little oxygen At the top of Mt Eveiest (29,000 feet) 
where the barometric pressuie is only 250 mm, although the oxygen 
is still 13 per cent this only represents a tension of about 10 mm , 
at which 100 c c of unadapted blood could only take up about 2 c c 
Since the body at rest requnes over 300 cc of oxygen per minute, 
it is evident that at such heights serious oxygen-want results 
and this is increased by exercise At high altitudes the intense 
cold and carriage of kit are also serious handicaps 

Mountain sickness occuis m untrained climbers at less than 
10,000 feet Vomiting may occur, often there are bad headaches, 
sleeplessness, absence of self-restiamt, recklessness, irritabihty, and 
an inability to cairy out the more complex cerebral functions, such 
as arithmetical calculations Such cerebral changes have caused 
intrepid balloonists to continue to ascend until they died The 
speed of the ascent is impoitant Thus those who go to the top of 
Pike’s Peak m Colorado (14,000 feet) by rail from the lower country, 
are more affected than those who go by stages 

Adaptation to high altitudes consists m (1) increased pulmonary 
ventilation , (2) an increase m the haemoglobin and corpuscles of the 
blood , and (3) excretion of alkali by the kidney A deficient supply 
of oxygen m the blood makes the respiratory centre more irritable 
and so produces increased pulmonary ventilation This increases 
the tension of oxygen m the alveoli 

The higher the altitude the better the adaptation 


Altitude 


Sea-level 

10.000 feet 

15.000 feet 


Observed alveolar 
pressure of oxygen 

100 mm 
65 „ 

52 „ 


Alveolar oxygen pressure 
which would have existed 
had no adaptation 
taken place 

100 mm 
59 „ 

38 „ 


The other important method of adaptation is in the increase of 
corpuscles and haemoglobin, and consequently of the oxygen capacity 
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of the blood In consequence the oxygen tension m the tissues is 


mci eased 


Corpuscles per c m 
m millions 

Haemoglobin value 
on haemoglobinometer 
scale 

Oxygen capacity 
of blood 

Sea-level 


4 9 

99 

830 c c 

After 1 week at 14,000 feet 

5 4 

115 

870 „ 

„ 2 


5 75 

120 

1040 „ 

„ 3 


5 75 

121 

1060 „ 

„ 5 

9 9 99 


121 

1028 „ 


It has been observed m animals that, m response to the call for 
oxygen, theie is an increased activity of the bone- man ow which 
provides the corpuscles 

Excretion of Allah by the, Kidney — As a result of the increased 
breathing there is a 1 eduction of the carbon dioxide m the alveolar 
air and consequently a fall m the caibon dioxide content of the 
blood This is liable to cause a reduction in the hydiogen-ion concen- 
tration of the blood and reduce the dissociation of oxyhsemoglobm 
but it is compensated for by an excretion of alkali by the kidney 
(see “Acid Base Equilibrium ”) 

It is then evident that considerable adaptation can occur Indeed 
m the Everest Expedition of 1925 Norton and Smith leached a height 
of 28,000 feet without using stoied oxygen, a height much m excess 
of what might be expected fiom the dissociation curve Although 
the climbing was not steep they took ten breaths for each pace 
ahead This shows that adaptation was really very incomplete All 
the evidence from expeditions, however, indicates that man cannot 
live above 20,000 feet without deterioration shown m loss of weight 
and appetite, enfeeblement of the heart and neivous symptoms 
Rabbits have been kept m a low pressuie chambei conespondmg to 
a height of 30,000 feet for 8 days by Argyle Campbell, but they 
all developed serious degeneration of internal organs 

Teaming ~ — These facts indicate the importance of tiaimng for 
ascent to high altitude and of allowing sufficient time for the 
adaptations to take place Expenments also indicate that it would 
be possible to tram to some extent before commencing the ascent 
and to find out which individuals aie most suitable 


, Respiration at High Pressures 

Prolonged exposure to piessures of oxygen, equal to 1300 to 1400 
mm of mercury, induces pneumonia, and death rapidly follows It 
is not possible, therefore, foi men to work in an which is compiessed 
to the extent of producing so gieat a pressure of oxygen 

Caisson Disease — In work under water it is usual to smk an 
non bell or caisson in which the men work and from winch the 
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water is excluded by pumping air m at a piessure higher than that 
of the water The men enter through a chamber with double doois 
or “ aii' -lock ” In this chamber the pressure can be raised 01 
loweied The piessuie m the caisson laiely exceeds 4 atmospheres, 
which corresponds to about 600 mm of oxygen, at this pressure 
the woikers do not suffer whilst they are m the caisson, but grave 
symptoms may take place shortly after they have come out Srmilar 
symptoms are experienced by divers who come to the surface from 
great depths The symptoms may take the form of paralysis, 
vomiting, seveie abdominal pam, vertigo, etc They are due to the 
fact that the plasma and the tissue fluids have become saturated with 
oxygen and nitrogen at the piessure of the caisson, and when the 
pressure is suddenly lemoved, minute bubbles, especially of nitrogen 
(the oxygen being used), foim throughout the body and injure such 
tissues as the spinal cord, or pioduce blockage of the vessels Short 
hours are necessary for caisson workers, for then the body has not 
time to get saturated with air at the caisson pressure, and in all cases 
“decompression” must be gradual and slow, this gradual release 
from pressure is accomplished m the “air-lock” L Hill who intro- 
duced the method, advocates the use of high oxygen tension m the 
decompression chambeis 

The atmospheric gases are specially soluble m fat, fat people 
are therefore very susceptible to caisson disease, and should, m fact, 
be prohibited from labour m caissons 

Carbon-Monoxide Poisoning 

The fatal effects often produced by this gas (as m accidents from 
burning charcoal stoves m small close rooms, or where there is an 
escape of coal-gas) are due to its entering into combination with the 
haemoglobin of the blood-corpuscles, and thus hindering their oxygen- 
carrying function In an atmosphere containing both oxygen and 
carbon monoxide, the relative quantities of the two gases which the 
haemoglobin will absorb vaiy with the partial pressure of the 
gases The affinity of hsemgolobm for carbon monoxide is, how- 
ever, much greater than its affinity for oxygen, and the compound 
formed — carboxyhaemoglobm — is much more stable than oxyhaemo- 
globin is If, theiefore, any considerable quantity of carbon mon- 
oxide is present m the an, the haemoglobin will be almost completely 
charged with caibon monoxide, and asphyxia will follow If the 
patient is given pure oxygen to bieathe even at a late stage, two 
things will happen — (1) The blood will take up m simple physical 
solution about seven times as much oxygen as when exposed to 
air, and this may be sufficient to cany on life, (2) as regards 
the saturation of the haemoglobin, the balance is now m favour 
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of the oxygen, lelatively weak as its affinity for haemoglobin is, 
and the carbon monoxide gradually becomes dissociated again and 
is excreted by the lungs In treating a patient so poisoned, there- 
fore, it is impoitant to lemove him to a good atmospheie as 
soon as possible In rescue apparatus it is now common to supply 
7 pei cent carbon dioxide with the oxygen This stimulates the 
failing respiration (Yandell Henderson, Drinker) 
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CHAPTER XX 


THE CHEMICAL COMPOSITION OF THE BODY 

Out of the eighty odd elements which are now known only a relatively 
small number are found m the bodies of the higher animals Of 
these the most important are — carbon, nitrogen, oxygen, hydrogen, 
sulphur, phosphorus, sodium, potassium, calcium, magnesium, iron, 
chlorine, iodine, with traces normally of fluorine and occasionally 
of manganese, coppei, lead, and silver Of these, only three are 
found in the free state, viz, m the blood nitrogen and to a less 
extent oxygen, m the intestine traces of hydrogen resulting from 
fermentative processes With these exceptions the elements are 
present m combinations as chemical compounds of various types 
which can be grouped into — 

(1) Organic compounds, % e those containing carbon 

(2) Inorganic, % e all the rest 

For the sake of simplicity the naturally occurring oiganic 
compounds are grouped into carbohydrates, proteins, fats, and other 
hpides, and products which arise from them 

Carbohydrates 

The Carbohydrates are found chiefly in vegetable tissues, and 
many of them form important foods Some carbohydrates are, how- 
ever, found in or formed by the animal organism Among the more 
important carbohydrates are glycogen , glucose, fructose, and lactose 

Chemically the sugars are related to the alcohols 

A primary alcohol is one m which the hydroxyl group (OH) and 
two hydrogen atoms are attached to the same carbon atom , it there- 
fore contains the group — CH 2 OH Thus the formula for common 
alcohol (ethyl alcohol) is CH 3 CH 2 OH 

The next alcohol of the same series (primary propyl alcohol) has 
the formula, OH 3 CH 2 CH 2 OH 

If a primary alcohol is oxidised, the first oxidation product is 
called an aldehyde , thus ethyl alcohol yields acetaldehyde — 

CH 3 ch 2 oh + o =* ch 3 cho + h 2 o 

[Ethyl alcohol ] [Acetaldehyde ] 


207 


K 2 
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The typical group — CHO of the aldehyde is not stable, but is 
easily oxidisable to form the group - COOH (carboxyl), and the 
compound so formed is an acid, m this way acetaldehyde foims 
acetic acid 

The majonty of the simple sugais are oxidation products of more 
complex alcohols than this Those with aldehyde groups are called 
aldoses The readiness with which aldehydes are oxidisable renders 
them powerful reducing agents, and this furnishes us with some of 
the tests for the sugars 

Some of the sugars (ketoses) are oxidation products of alcohols 
containing secondaly alcohol groups The only one of these which 
is of physiological mterest is fructose 

A secondary alcohol is one m which the hydroxyl group and 
only one hydrogen atom are attached to the same carbon atom , thus 
secondary propyl alcohol has the formula CH 3 CHOH CH 3 Its 
typical group is therefore — CHOH When this is oxidised, the first 
oxidation product is a ketone, thus — 2CH S CHOH CH 3 + 0 2 
= 2CH 3 CO CH 3 + 2H 2 0 This latter product is acetone 

The alcohols of which we have already spoken, e g ethyl alcohol 
(see above) aie called monohydi ic, because they contain only one 
OH group The sugars of physiological interest are derived from 
three hexahydric alcohols which contain six OH groups with the 
formula C 6 H 8 (OH) 6 These alcohols, sorbitol, mannitol, and dulcitol 
aie isomerides 

It is convenient to have some system of identifying the different carbon atoms, 
and one system is to number them 1 to 6 , another scheme, more usually employed 

for the simple sugars, is to use the Greek letters a, p, 7, etc , as carried out 

m aliphatic acids In this case the C atom numbered 2 is the a atom as shown 
below in the formulae for the sugars By oxidation of these alcohols aldehydes 
and ketones can be formed, and finally acids The first products thus obtained 
are the simple sugars, and those of most physiological interest are glucose derived 
from sorbitol, galactose derived from dulcitol m a strictly similar manner, and 
fructose from mannitol as shown below — 

1 CH/)H CHO CH 2 OH CH 2 OH 

2 a H— C-OH H-C— OH HO— i— H i=0 

3 /3 HO-C— H HO-C— H HO— C— H HO— i— H 

1 I I I 

4 y H-C-OH H-C-OH H-C-OH -> H-C-OH 

5 S H-C— OH H-C-OH H— i— OH H-C-OH 

6 CH 2 OH ch 2 oh ch 2 oh 6 h 2 oh 

[Sorbitol ] [Glucose ] [Mannitol ] [Fructose ] 

These sugars called hexoses are also called monosaccharides 

Sugars are known to chemists, in which the number of carbon atoms is 3, 4, 5, 
etc Certain nucleic acids contain a pentose (5 carbon atoms) 
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The next impoitant group of sugars is the disaccharides, foimecl 
by the condensation of two monosaccharides, with the loss of one mole- 
cule of water — C 6 H 12 O c + C 0 H 12 O 0 = C 12 H 22 O u + H 2 0 If moie 
than two nionosacchaiide molecules undeigo a conespondmg conden- 
sation, we get polysaccharides — ftC 6 H 12 0 6 = (C 6 H 10 O s ) B + %H 2 0 
The chief membeis of the thiee groups may be ananged m tabular 
form as follows — 


1 Monosaccharides, 
C 6 H 12 0 6 

2 Disacchandes, 

3 Polysaccharides 
(C 6 H 10 O fi )n 

4- Glucose 
- Fructose 
+ Galactose 

4- Sucrose 

4- Lactose 
+ Maltose 

4- Starch 

4- Glycogen 

4- Dextrin 
- Inulin 

Cellulose 


The + and — signs m the above list indicate that the substances 
to which they are piefixed aie dextio- and hevo-iotatory lespectively 
as regards polarised light The formulae given m the table are 
merely empirical , the quantity n m the starch group is large 

The Polarimeter 

This mstiument is one by means of which the action of various substances on 
the plane of polansed light can be obseived and measuied Most of the carbo- 
hydiates are dextro-rotatory The proteins aie lsevo-rotatory 

There are many varieties of the instrument , these can be properly studied only in 
the laboratory, but briefly the principles on which they are constructed may be given 
Suppose one is shooting airows at a fence made up of narrow vertical palings , 
suppose also that the arrows are flat like the laths of a Venetian blind If the 
arrows are shot vertically they will pass easily through the gaps between the 
palings, but if they are shot horizontally they will be unable to pass through at 
all This rough illustration will help us m understanding what is meant by polansed 
light Ordinary light is produced by the undulations of the ether occuirmg in all 
directions at right angles to the path of propagation of the wave Polarised light 
is produced by undulations in one plane only 

In a polarimeter, there is at one end of the instrument a Nicol’s prism, which 
is made of Iceland spar This polarises the light which passes through it, it is 
called the polariser At the other end of the instrument is another called the 
analyser Between the two is a tube which can be filled with fluid If the analyser 
is parallel to the polariser the light will pass through to the eye of the observer 
But if the analyser is at right angles to the polariser it is like the flat arrows hitting 
horizontally the vertical palings of the fence, and there is darkness At inter- 
mediate angles there will be intermediate degrees of illumination 

If the analyser and polariser aie parallel and the intermediate tube filled with 
water, the light will pass as usual, because water has no action on the plane of 
polarised light But if the water contains sugar or some “optically active” 
substance in solution, the plane is twisted m one direction or the other according as 
the substance is dextio- or lae vo-rotatory and illumination is reduced The amount 
of rotation is measured by the number of angles through which the analyser has to 
be turned m order to obtain the full illumination This will vary with the length 
of the tube and the strength of the solution 

The following are the chief facts in relation to each of the 
principal carbohydiates 
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Grlucose (Dextrose, or Grape Sugar) — This carbohydrate is 
found in many fruits, honey, and m minute quantities m all 
tissues and fluids of the body It is the form of sugar found m 
large quantities m the blood and urme m the disease known as 
diabetes melhtus 

Glucose is soluble m hot and cold water and m alcohol It is 
crystalline, but not so sweet as cane-sugar When heated with strong 
alkalis certain complex substances are formed which have a yellow 
or brown colour This constitutes Mooie’s test for sugai In alkaline 
solutions glucose reduces salts of silver, bismuth, mercury, and copper 

On warning a solution of glucose with an alkaline solution of 
picric acid, a dark red opaque solution due to the reduction of picric 
acid to picramic acid is produced 

Another important propeity of glucose is that under the influence 
of yeasts it is converted into ethyl alcohol and carbonic acid 

Glucose may be estimated by the fermentation test, by the 
polarimeter, and by the use of Fehlmg’s or similar solutions (see 
diabetic urme) (See Urme) 

Fructose (or Leevulose) — When cane - sugar is treated with 
dilute mmeral acids it undergoes a process known as hydrolysis — 
le, it takes up water and is conveited into equal parts of glucose 
and fructose The previously dextro-rotatoiy solution of cane-sugai 
then becomes lsevo-rotatory, the laevo-rotatory power of the fructose 
bemg greater than the dextro-rotatory power of the glucose formed 
Hence the term mmsion applied to this hydrolysis The same 
hydrolytic change is produced by certain enzymes, such as the 
mvertase of the intestinal^ juice and of yeast Pure fructose can 
be crystallised with difficulty It gives many of the reactions of 
glucose, but may be identified by its laevo-rotation, and certain 
chemical tests 

Galactose is formed by the action of dilute mmeial acids or of 
hydrolytic enzymes on lactose It resembles glucose in its action 
on polarised light, in leducmg cupric salts, and m bemg directly 
fermentable with some yeasts When oxidised by means of mtnc 
acid it yields an acid, nucic acid , which is only slightly soluble 
in watei Glucose, when treated m this way, yields an isomeric 
acid — le, an acid with the same empirical formula, saccharic acid , 
which is very soluble in water 

Cane - Sugar (or Sucrose) is generally distributed in the 
vegetable kingdom, but especially in the juices of the sugar cane, 
beetroot, mallow, and sugar maple It is a substance of great 
importance as a food It undergoes mveision in the alimentary 
canal It is crystalline, and dextro-iotatory With Trommer’s test 
it gives a blue solution, but no reduction occurs m boiling, because 
m the union of its two constituent sugars, their aldehydic and 
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ketomc gioups are no longer functionally active After hydrolysis 
the products are strongly reducing Hydrolysis may be accomplished 
by boiling with dilute mineral acids, or by means of enzymes such 
as those occurring m the intestinal juice It then takes up water, 
and is split into equimolecular proportions of glucose and fructose 
(C- l2 H2 2 0 1 i + H 2 0 = C 6 H 12 0 6 + C 6 H 12 0 6 ) With yeast, cane-sugar is 
first inverted by means of a special enzyme invert ase secreted by 
the yeast cells, and then there is an alcoholic fermentation of the 
monosaccharides so formed, which is accomplished by another enzyme 
called zymase 

Lactose (or Milk Sugar) occurs m milk It is occasionally 
found m the urine of women m the early days of lactation, or after 
weaning It is crystallisable, dextro-rotatory, much less soluble m 
water than other sugars, and has only a slightly sweet taste It 
gives reduction tests, but when the reducing power is tested 


Lactosazone Glucosazone Maltosazone 

Fig 149 

quantitatively by Fehlmg’s solution it is found to be a less 
powerful reducing agent than glucose, m the proportion of 7 to 10 
When hydiolysed by agencies similar to those mentioned in connec- 
tion with suciose, it takes up water and yields glucose and galactose 
With yeast it is fxist hydrolysed, and then alcohol is formed, the 
change, howevei, occuis much more slowly 

The lactic acid fermentation which occurs when milk turns sour 
is brought about by certain micro-organisms, which are somewhat 
similar to yeast cells Bacteria m the intestine bring about the 
same result 

Maltose (or Malt Sugar) is the chief end-product of the action 
of malt diastase on starch, and is also formed as an intermediate 
product m the action of dilute acid on the same substance It is the 
only sugar formed from starch by the diastatic enzymes contained in 
the saliva and pancreatic juice It can be obtained in the form of 
acicular crystals, and is strongly dextro-rotatory It gives reduction 
tests, but its i educing power, as measured by Fehling’s solution, is 
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one-thud less than that of glucose By piolonged boiling with 
water, or, moie readily, by boiling with a dilute mmeial acid, or by 
means of a hydrolytic enzyme such as occurs m the intestinal juice, 
it is converted into glucose 

Reaction with Phenylhydrazme — The three important 
reducing sugars with winch we have to deal m physiology are 
glucose, lactose, and maltose They may be distinguished by their 
relative reducing powers on Eehling’s solution, or by the characters 
of their osazones The osazone is formed m each case by adding 
phenylhydrazme hydrochloride and sodium acetate, and boiling 
the mixture for about half an hour In each case the osazone is 
deposited in the form of bright canary-colouied, needle-like crystals, 
usually m bunches, which differ m their crystalhne foim, melting- 
point, and solubilities (fig 149) Cane-sugar does not yield an osazone 
Polysaccharides — The work of Irvme has shown that the 
constitution of the polysaccharides is simpler than was foimeily 
considered Without entering into chemical details he has demon- 
strated that starch, glycogen, and cellulose have as their essential 
units a condensation product of one molecule of glucose and one 
molecule of a disaccharide, eg maltose 01 cellobiose The manner 

of linking is different m the three carbohydrates Inulm (the 

polysaccharide of artichokes and dahlia bulbs) is formed by con- 
densation of fructose molecules 

Starch is widely diffused through the vegetable kmgdom It 
occuis in natuie m the form of microscopic grains, varying m size and 
appeaiance, according to their source Each 
consists of more or less concentric envelopes of 
starch proper or granulose alternating with layers 
of cellulose Cellulose has very httle digestive 
value, but starch is a most important food 

Starch forms an opalescent solution m boil- 
ing water, which if concentiated gelatinises on 
coolmg Its most characteristic reaction is the 
blue colour it gives with iodine On heating 
staich with mmeial acids, glucose is formed By the action of 
diastatic enzymes, maltose is the chief end-product In both cases 
dextrms are also foimed m the process 

Dextrms aie the intermediate products m the hydrolysis of 
starch or glycogen to sugar, and two chief varieties are distinguished 
ei ythro-dextnn , which gives a i eddish-brown colour with iodine 3 
and achroo-dext') m, which does not 

The dextrms are readily soluble m water, but insoluble m 
alcohol and ether They are amorphous, dextro-rotatory, and do 
not ferment directly with yeast By hydrolysing agencies they 
are converted into glucose 



Fig 150 —Grains of potato 
starch 
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Glycogen (or Animal Starch) is found m livei, muscle, and 
white blood-corpuscles It is also abundant m embryonic tissues 

Glycogen is so rapidly bioken down to glucose when a tissue 
such as liver is lemoved fiom the body that when pieparing it, 
it is necessary to throw it at once into boiling water to kill the 
glyogenase which bleaks it down When the tissue is ground up 
and extracted the extract after separation of the proteins is 
opalescent because of the glycogen it contains 

Glycogen is a white, tasteless non-crystallme powder, soluble m 
water, but it forms, like starch, an opalescent solution It is insoluble 
m alcohol and ether It is clextro-rotatoiy With copper solutions 
it gives no reduction on boihng With iodine it gives a reddish or 
port- wine colour, very similar to that given by eiythio-dextrm 
Dextrin may be distinguished from glycogen by (1) the fact that 
it gives a clear, not an opalescent, solution with water , and (2) it is 
not precipitated by basic lead acetate as is glycogen It is, however, 
precipitated by basic lead acetate and ammonia (3) Glycogen 
is precipitated by 55 per cent of alcohol, the dextnns require 
85 per cent or more (4) Glycogen is precipitated by saturation with 
ammonium sulphate, erythro-dextnn is only partially pieeipitable 
by this means 

Cellulose — This is the matenal which with other carbohydrates 
(lignin, etc ) makes up the cell- walls and woody fibres of plants By 
treatment with strong mineral acids it is, like starch, converted 
into glucose, but with much greater difficulty The various digestive 
enzymes have little oi no action on cellulose , hence the necessity of 
boiling starch befoie it is taken as food Boiling bursts the cellulose 
envelopes of the starch grams, and so allows the digestive juices to 
get at the starch proper Cellulose is found in a few animals, as m 
the outer investment of the Tunicates Its chief importance in 
i elation to man is that it constitutes the indigestible bulk of the 
food wdnch is important m regard to the movements of the 
alimentary canal 

Inositol or Inosite occuis in muscle, also m smaller quantities 
m othei animal organs (liver, kidney, etc ), and m plants it is a fairly 
constant constituent of loots and leaves, especially growing leaves 
It has the same empirical formula as the simple sugars (0 6 H 12 0 6 ), 
but it has none of the other properties of these substances 

The Fats* 

Fat is found m small quantities m many animal tissues It is, 
however, found m large quantities m three situations, viz , marrow, 
adipose tissue, and mammary gland duimg lactation The contents 
of the fat cells of adipose tissue are fluid during life, the normal 

* The fats and the sterols are now included under the general name “ lipides ” 



304 


THE CHEMICAL COMPOSITION OF THE BODY [CH XX 


temperature of the body (37° 0, or 99° F) being considerably above 
the melting-point (25° 0 ) of the mixture of the fats found there 
The chief fats axe thiee m number, and are called palmitm , stearin , 
and olein They differ from one another m chemical composition 
and m certain physical characters, such as melting-point and 
solubility Olem melts at — 5° C , palmitm at 45° 0 , and stearin 
at 53-65° C It is thus olem which holds the othei two dissolved 
at body temperature Fats are all soluble in hot alcohol, ether, and 
chloroform, but msoluble m water 

Chemical Constitution of the Fats — Fats are esters of fatty 
acids with glycerol The acids concerned form a series of acids 
derived from monohydnc alcohols by oxidation Thus, to take 
ordinary ethyl alcohol, C 2 H 5 OH, the first stage m oxidation is the 
formation of acetaldehyde, CH S CHO, on further oxidation acetic 
acid, CH 3 COOH, is produced 

A similar acid can be obtained from all the other alcohols, thus 

From methyl alcohol CH S OH, formic acid H COOH is obtained. 

„ ethyl „ C 2 H 5 OH, acetic „ CH S COOH ,, 

„ propyl ,, CgH^ OH, propionic ,, C 2 H 5 COOH ,, 

,, butyl „ C 4 H 9 OH, butyric „ C S H V COOH ,, 

„ amyl „ C 5 H U OH, valeric „ C 4 H 9 COOH 

„ hexyl „ C 6 H 13 OH, caproic „ C e H u COOH 

and so on 

The sixteenth acid of this series, palmitic acid, has the formula 
C 15 H 31 COOH, the eighteenth has the formula C 17 H 36 COOH, and 

is stearic acid 

Oleic acid, however, is not a member of this senes, but belongs 
to a somewhat similar series known as the acrylic series It is the 
eighteenth member of the series, and its formula is CnHss COOH 

The first member of the group of alcohols from which this acrylic series of 
acids is obtained is called allyl alcohol (CH 2 CH CH 2 OH) , the corresponding 
aldehyde acrolein (CK^ CH CHO) , the formula for the acid (acrylic acid) is 
CH 2 CH COOH It will be noticed that two of the carbon atoms are united by 
a double bond, and these substances are therefore unsaturated , they are unstable and 
are prone to undergo, by uniting with another element, a conversion into substances 
in which the carbon atoms are united by only one bond This accounts for their 
reducing action, and it is owing to this that the colour reactions with osmic acid 
and Sudan III (red coloration) are due Fat which contains any member of the 
acrylic series, such as oleic acid, blackens osmic acid (0s0 4 ), by reducing it to a 
lower (black) oxide, probably m hydrated form The fats palmitm and stearm 
containing no double bond do not give these reactions 

Glycerol or Glycerine is a tiihydric alcohol, C s H 5 (OH ) 3 — % e , three 
hydroxyl groups united to a radical glyceryl (C 3 H 6 =) The hydrogen 
m the hydroxyl groups is replaceable by organic radicals As an 
example, the radical of acetic acid the acetyl group (CH 3 CO — ) may 
be taken The following formulae represent the derivatives that can 
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be obtained by replacing one, two, or all three hydioxyl hydrogen 
atoms m this way " v " ° ‘ 


ch 2 oh 

CH OH 
CH, OH 

[Glycerol ] 


ch 2 oh 
d;H oh 

c!h 2 o oc ch 3 

[Monoacotm ] 


CH,, OH 

i 

CH 0 OC CH 3 

A 2 o oc ch 3 

[Diacetm ] 


CH, O OC CH 3 
djH O OC CH 3 

Ah, o oc ch 3 


[Tnacetm ] 


Tnacetm is a type of a neutral fat, stearin, palmitm, and olem 
ought moie properly to be called tmsteamn, tivpalmitm , and tmolem 
respectively 

Decomposition Products of the Pats — Undei the influence 
of superheated steam, mineral acids, and m the body by means 
of certain enzymes (for instance, the fat-splitting enzyme lipase 
of the pancreatic juice), a fat combines with water and splits 
into glycerol and the fatty acid The following equation repre- 
sents what occurs m a fat, taking tripalmitm as an example — 


CH, 

i 

0 

OC 

c 15 H 31 


1 

CH 

0 

oc 

c 16 h 31 + 

3H OH 

O- 

0 

oc 

c, 5 h 31 



[Tripalmitm ] 

[Water ] 


ch 2 oh 

^h oh + 3C 16 h 31 co oh 
i.H 2 oh 

[Glycerol ] [Palmitic acid ] 


In the process of saponification much the same sort of reaction 
occurs, the final pioduets being glyceiol and a compound of the alkali 
used with the fatty acid , this is called a soap Suppose, foi instance, 
that potassium hydrate is used, the following reaction occurs — 

C 3 H 6 (0 C 15 H s 1 CO) 3 + 3KOH = C a H 5 (OH) 3 + 3C 15 H 31 CO OK 

[Tripalmitm— a fat ] [Glycerol ] [Potassium palmitate— 

a soap ] 

Emulsification — Another change that fats undei go m the body 
is very different from saponification It is a physical, not a chemical 
change , the fat is broken up into very small globules such as are 
seen m the natural emulsion — milk 


The Sterols and other Lipides 

These are a heteiogeneous group of substances found in the 
piotoplasm of all cells, especially m their outer layer or cell- 
membrane, which, like the fats, aie soluble m such reagents as ether 
and alcohol These substances appear to be essential constituents of 
protoplasm 
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They are found mixed with fat m the ether-alcohol extiact of 
tissues and organs, and they aie specially abundant m nervous 
tissues They can be separated by what is called selective extraction 
For convenience they may he classified into — 

(1) The steools which, like the fats, aie fiee from both nitrogen 
and phosphoius They aie the esteis of fatty acids with alcohols 
other than glyceiol The most important members of this group aie 
cholesteiol and ergosterol which is related to vitamin D 

(2) The galadosides which are free from phosphorus but 
contain nitrogen These yield the reducing sugar called galactose 
when broken up 

(3) The phosphatide s which contain both phosphorus and 
nitrogen These aie grouped according to the proportion of nitrogen 
and phosphorus in their molecules 

Cholesterol or Cholestenn is found m small quantities m all 
forms of protoplasm It is a specially abundant constituent of 

nervous tissues It is found m small 
quantities m the bile, but it may occur 
there m excess and form the concretions 
known as gall-stones It occurs m egg 
yolk, pork, liver, suprarenal, kidney and 
m animal fats generally 

It is a monohydnc unsaturated 
alcohol with the empirical foimula 
C 27 H 45 OH The alcohol belongs to 
the terpene series, which are found as 
excretory products of plant life 

Cholesterol is now believed to be not 
merely a waste product of metabolism, 
but to exert an important protective 
influence on the body cells against the 
entiance of certain poisons One of the poisons contained in cobra 
venom dissolves red blood-corpuscles, the presence of cholesterol 
in the envelope of the blood-corpuscles to some extent hinders this 
action, and it has been stated that the administration of cholesterol 
increases the resistance of the animal provided the unsaturated 
linkage is intact 

From alcohol or ether containing water it crystallises m the 
form of rhombic tables, which contain one molecule of water of 
ciystallisation these are easily recogmsed under the microscope 
(fig 151) It gives the following colour tests — 

1 Heated with sulphuric acid and water (5 1), the edges of the crystals turn red 

2 A solution of cholesterol m chloroform, shaken with an equal amount of 

strong sulphuric acid, turns red, and then purple, the subjacent acid acquiring 
a green fluorescence (Salkowski’s reaction ) ’ ° 



Fig 151 —Cholesterol crystals 
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3 If acetic anhydride is added to a chloroformic solution of cholesterol and 
then sulphuric acid, drop by drop, a red coloration, which changes to bluish green 
is produced (Liebermann-Burchard reaction ) 6 ’ 

A substance called iso-cholesterol is found in the fatty secretion of the skin 
(sebum), it is laigely contained in the preparation called lanohne , made from 
sheep’s wool tat It differs from cholesterol in not giving Salkowski’s colour 
reaction Cholesterols isomeric with animal cholesterol are also found m many 
plants, these aie termed phyto-cholesterols, oi phytosterols for short, and some 
of these have assumed importance lecently in connection with vitamins 

Cholesteiol compounds exhibit the physical phenomenon studied 
by Lehmann, namely, the foimation of liquid crystals, this is 
also shown by several other lipides The fat globules seen m the 
adienal coitex, and m the liver and other organs during fatty 
degeneration, aie not wholly composed of fat, for the polarising 
microscope shows them to be doubly refracting, and further 
investigation has shown them to be other lipides m the fluid 
crystalline condition 

Tlie Phosphatides — One of these, lecithin, is of considerable 
physiological mipoitanee This is a veiy labile substance, which 
yields on decomposition four materials, namely — glyceiol and phos- 
phouc acid united together as glyceio-phosphonc acid, two fatty 
acids, of which one is usually oleic acid, and an ammonium-like 
base termed cholme The fatty acid radicals are united to glycerol 
as m an oidinaiy fat, the place of the thud fatty acid bemg taken 
by the ladical of phosphouc acid, which m its turn is united m an 
ester-like mannei to the choline Two other phosphatides aie 
kephalm and sphingomyelin which aie abundant m nerve-fibres 
and which diffci slightly from lecithin 

Osmic Acid Reaction —In virtue of their oleic acid radical, the phosphatides 
are blackened readily by this reagent, but the galactosides and cholesterol are 
not The reaction to this reagent of healthy and degenerated nerve-fibres has 
already been dcscnbed 

The Galactosides — A substance known as protagon can be 
sepai ated out horn the In am by means of warm alcohol on cooling 
the extiaet, piotagon is deposited as a white precipitate Tins, 
howevei, also contains cholesteiol, winch can be dissolved out by 
ether 


THE PROTEINS 

The proteins aie the most impoitant substances which occur 
m animal and vegetable oiganisms, and potem metabolism is, as 
alieady noted, the most chaiactenstic sign of life Th§y are highly 
complex compounds of cat bon, hydrogen, oxygen, nitrogen, and 
sulphur,* with at times phosphoius, occurring m a viscous condition 
or m pseudo-solution m nearly all parts of the body 

* The simplest proteins, the protamines , are however free from sulphur 
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The proteins m the food form the source of the proteins m the 
body tissues, but the latter are usually different in composition fiom 
the former The food proteins in the process of digestion are broken 
down into simpler substances, usually called cleavage pi oducts, and it 
is from these that the body cells reconstruct the piotems peculiar to 
themselves 


Classification of Pboteins 


The knowledge of the chemistry of the proteins, which is slowly 
progressing, will, no doubt, m time enable us to give a classification 
of these substances on a strictly chemical basis The following 
classification must be regarded as a provisional one, which, while it 
retains the old famihar names as far as possible, yet attempts also 
to incorporate some of the new ideas 

The classes of animal proteins, then, beginning with the simplest, 
are as follows — 


1 Protamines 

2 Histones 

3 Albumins 

4 Globulins 

5 Sclero-protems 


6 Phospho-protems 

7 Conjugated proteins 

i Chromo-proteins 
li Gluco-proteins 
m Nucleo-protems 


1 The Protamines 

These substances are obtainable from the heads of the spermatozoa 
of certam fishes, where they occur m combination with nuclein 
Kossel’s view that they are the simplest proteins in nature has met 
with general acceptance, and they give such typical protein reactions 
as the biuret (Pose's or Piotrowski's) reaction On hydrolytic 
decomposition they first yield substances of smaller molecular weight 
analogous to the peptones which are called pi otones , and then they 
split up into ammo-acids The number of resulting ammo-acids is 
small as compared with other protems, hence the hypothesis that 
they are simple protems is confirmed Notable among their 
decomposition products are the diammo-acids or hexone bases, 
especially argmme The protamines differ m their composition 
according to their source, and yield these products in different 
proportions Protammes do not contain sulphur 


2 The Histones 

These are substances which have been separated from blood- 
corpuscles , glolm , the protem constituent of haemoglobin, is a well- 
marked mstance They yield a larger number of ammo-compounds 
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than do the protamines, but diamino-acids are still relatively 
abundant They are coagulable by heat, soluble m dilute acids and 
precipitable from such solutions by ammonia The precipitabdT 
by ammonia is a property possessed by no other protein group 7 

3 The Albumins 

products 6 emiinerated ^ ^ Ravage 

They enter into colloidal solution m water, m dilute saline solu- 
tions, and m saturated solutions of sodium chloride and magnesium 
sulphate They aie, however, precipitated by saturating their 
solutions with ammonium sulphate Their solutions are coagulated 
by heat, usually at 70-73° C Serum albumin, egg albumin and 
lact-albumm aie instances 3 


4 The Globulins 

The globulins give the same general tests as the albumins they 
are coagulated by heat, but differ from the albumins mainly m their 
solubilities 

Globulins are more readily salted out than alb umins , they 
may therefoie be precipitated, and thus separated from the albumins 
by saturation with such salts as sodium chlonde, or better magnesium 
sulphate, 01 by half saturation with ammonium sulphate 

The typical globulins are also insoluble in water, and so may he 
precipitated by removing the salt which keeps them m solution 
This may be accomplished by dialysis Their temperature of heat- 
coagulation varies considerably The following are the co mm oner 
globulins — fibrinogen and serum globulin m blood, egg globulin 
m white of egg, paiamyosmogen m muscle, and crystalhn m the 
crystalline lens We must also include under the same headmg 
certain proteins which aie the result of coagulation of glob ulin s, 
such as fibrin (see Blood) and myosin (see Muscle) 

The most striking and real distinction between globulins and 
albumins is that the formei on hydrolysis yield glycine, whereas the 
albumins do not 

5 The Sclero-protems. 

These substances form a heterogeneous group of substances 
which were formerly termed albuminoids The prefix sclero indicates 
the skeletal origin and often insoluble nature of the members of the 
group The principal proteins under this head are — 

Collagen, the substance of which the white fibres of connective 
tissue are composed Some observers regard it as the anhydride of 
gelatin In hone it is often called ossein 
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Gelatin — This substance is produced by boiling collagen with 
water It possesses the pecuhai property of setting mto a jelly when 
a solution made with hot water cools 

Elastin — This is the substance of which the yellow 01 elastic 
fibres of connective tissue aie composed It is a very insoluble 
material The sarcolemma of muscle-fibres and certain basement 
membranes aie veiy similar 

Keratin, or horny material, is the substance found m the suiface 
layers of the epidermis, m hans, nails, hoofs, and horns It is very 
insoluble, and chiefly differs from most other proteins in its high 
peicentage of sulphur A similar substance, called new ohei ahn, is 
found m neuiogha and nerve-fibres In this connection it is interest- 
ing to note that the epidermis and the nervous system are both 
formed from the same layer of the embryo — the ectoderm 

6 The Phospho-proteins 

Vitellin (fiom egg-yolk), easemogen, the principal protein of 
milk, and casein, the lesult of the action of the rennet-enzyme 
on easemogen (see milk), aie the chief members of this group 
Among their decomposition products is a considerable quantity of 
phosphoric acid They have been frequently confused with the 
nucleo-protems, but they do not yield the products (purine and 
other bases) winch are characteristic of nucleo-compounds The 
phosphorus is contained within the protein molecule, and not m 
another molecular group united to the piotem, as is the case m the 
nucleo-protems The phospho-proteins are specially valuable foi the 
growth of young and embryonic animals Many other proteins, such 
as serum-globulm, contain traces of phosphorus 

7 The Conjugated Proteins 

These are compounds m which the protein molecule is united to 
other organic materials, which are as a rule also of complex nature 
This second constituent of the compound is usually termed a 
'prosthetic group They may be divided mto the following sub- 
classes — 

i Chromo-proteins — These are compounds of protein with a 
pigment, which usually contains iron They are exemplified by 
haemoglobin and its allies, which will be fully considered under Blood 

ii Gluco-proteins — These are compounds of protem with a 
carbohydrate group This class includes the mucins and the mucoids 

The muems are widely distributed and may occur m epithelial 
cells, or be shed out by these cells (mucus, mucous glands, goblet 
cells) The muems obtained from different sources are alike in being 
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viscid and tenacious, soluble m dilute alkalis such as lime-watei 
and precipitable fiom solution by acetic acid 

The mucouls diffei fiom the mucins in imnoi details The teim 
is applied to the mucm-like substances which foim the chief con- 
stituent of the gtound substance of connective tissues (tendo-mucoid 
chondro-mucoid, etc ) Another (ovo-mucoid) is found m white of 
egg, and others (pseudo-mucm and para-mucm) are occasionally found 
m diopsical effusions, and m the fluid of ovarian cysts 

in Nucleo-protems — These are compounds of protein with a 
complex organic acid called nucleic acid, winch contains phosphorus 
They are found m both the nuclei and cell-protoplasm of cells In 
physical chaiactoi they often simulate mucin 

Nuclein is the name given to the chief constituent of cell-nuclei 
It is identical with the chiomatm of histologists 

On decomposition it yields an organic acid called nucleic acid, 
together with a variable but usually small amount of protein It 
contains a high peicentage (10-11) of phosphorus 

The nuclem obtained from the nuclei or heads of the spermatozoa 
consists of nucleic acid without any piotem admixture In fishes’ 
spermatozoa, howevei, theie is an exception to this rule, for there 
this acid is, as we have alieady seen, united to protamine 

The nucleo-pi oleins of cell piotoplasm are compounds of nucleic 
acid with a much laiger quantity of piotem, so that they usually 
contain only 1 per cent oi less of phosphorus Some also contam 
iron, and the noimal supply of non to the body is contained in 
the nucleo-protems oi heematoejens (Bunge) of plant or animal 
cells 

Nucleic and yields, among its decomposition pioducts, phosphoric 
acid, various bases of the pui me pyrimidine gioup,andacaibohydiate 
radical is also obtained 

The nucleic acids obtained fiom various mammalian organs 
mdicate that they fall into two mam classes — 

(1) Nucleic acid pi oper — This yields on decomposition — 

(a) Phosphoric acid (6) A sugar 

(c) Two members of the puiine gioup m the same propoition, 

namely, adenine and guanine 

(d) Two pyrimidine bases, cytosine and thymine (from 

animal) or uracil (fiom yeast) 

Tli q pm me bases are specially intei estmg because of their close 
relationship to unc acid, and we shall have to deal with them again 
m our de&cuption of that substance 

(2) Guanyhc and — This is a simpler form of nucleic acid found 
m ceitam organs (pancreas, liver, etc ), mixed with the nucleic acid 
propel 
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The Properties of Proteins 

Solubilities — The piotems axe insoluble m alcohol and ethei 
Some are soluble m watei (Colloidal Solution, see p 337), otheis 
are insoluble Many of the latter are soluble m weak saline 
solutions Some are insoluble, others soluble m concentrated 
saline solutions 

Heat Coagulation — Most native proteins, such as white of egg, 
are rendered msoluble when their solutions are heated The tempera- 
ture of heat coagulation differs m different proteins , thus myosmogen 
and fibrinogen coagulate at 56° C , serum albumin and serum globulin 
at about 75° C The proteins which are coagulated by heat come 
mainly under two classes the albumins and the globulins These 
differ in solubility, the albumins are soluble m distilled watei, the 
true globulins require salts to hold them m solution 

Indrffusibility — The proteins (peptones excepted) belong to the 
class of substances called colloids by Thomas Graham , that is, they 
pass with difficulty, or not at all, through animal membranes 
In the construction of dialysers, vegetable parchment is largely 
used Proteins may thus be separated from diffusible (crystalloid) 
substances such as salts, but the piocess is a tedious one 

Colour Reactions — The principal colour reactions by which 
proteins are recognised are the following — 

(1) The Xanthoproteic reaction If nitric acid is added to a 
solution of a protein such as white of egg, the result is a white 
precipitate, this and the surrounding liquid become yellow on 
heating and are turned orange by ammonia The preliminary 
white piecipitate is not given by eeitam proteins such as peptones , 
but the colours are the same The colour is due to the formation 
of nitro-derivatives of the aromatic radical of the protem molecule 

(2) MiUoris reaction Millon’s reagent is a mixture of mercuric 
and mercuious nitrate with excess of nitric acid This gives a 
white precipitate which is turned brick-red on boiling This leaction 
depends on the presence of the tyrosine radical and is not given by 
gelatin 

(3) Biuret reaction (Rose's or PiotrowsJei’ s) A trace of copper 
sulphate and excess of strong caustic potash give with most proteins 
a violet solution Proteoses and peptones, however, give a rose-red 
colour instead, this same colour is given by the substance called 
biuret This name does not imply that biuret is present m protein, 
but is used because both protem and biuret give the reaction The 
native proteins give a violet colour, because the fed tmt of the 
copper compound with the biuret group is mixed with another 
copper compound with a blue colour The test is given by some 
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of the laiger polypeptides but not by lessei products of piotem 
hydrolysis 

Biuret is formed by heating solid urea , ammoma passes off and leaves biuret, 
thus— 

2CON 2 H 4 = c 2 o 2 n 3 h 5 + nh 3 

[Urea ] [Biuret ] [Ammonia ] 

(4) Adamkiewicz ? eaction When a solution of protein is mixed 
with a dilute solution of glyoxylic acid, and then excess of commercial 
sulphuric acid is added, an intense violet colour is obtained This 
is due to the tryptophan radical A similar test is that of Rosenheim 
m which dilute formaldehyde replaces the glyoxylic acid 

Precipitants of Proteins — Solutions of most proteins are 
precipitated by — 

Strong acids such as nitric acid, picric acid, acetic acid and 
potassium ferrocyanide , acetic acid and excess of a neutral 
salt such as sodium sulphate, when these are boiled with the 
protein solution , salts of the heavy metals such as copper 
sulphate, mercuric chloride, lead acetate, silver nitrate, etc , 
tannin, alcohol, saturation with certam neutral salts such as 
ammonium sulphate 

It is necessary that the words coagulation and precipitation 
should m connection with protems be carefully distinguished The 
term coagulation is used when an insoluble protein (coagu- 
lated protem) is formed from a soluble one This may occur, 
(1) When a protein is heated — heat coagulation, (2) under the 
influence of an enzyme, for instance, when a curd is formed in 
milk by rennet or a clot m shed blood by the fibrin ferment — enzyme 
coagulation 

In precipitation the precipitate formed is readily soluble in 
suitable reagents such as saline solutions, and the protem continues 
to show its typical reactions This is called “ salting out ” * Such 
a precipitate is produced by saturation with ammonium sulphate 
Certain protems, called globulins, are more readily precipitated by 
such means than others Thus, globulins are precipitated by half- 
saturation with ammonium sulphate Full saturation with ammonium 
sulphate precipitates all protems but peptone The globulins are 
precipitated by certam salts, such as sochum chlonde and magnesium 
sulphate, which do not precipitate the albumins 

The precipitate produced by alcohol is pecuhar m that after a 
time it becomes a coagulum Protem freshly precipitated by 
alcohol is readily soluble m water oi saline media , but after it has 
been allowed to stand some time under alcohol it becomes more and 
more insoluble Such a change m the nature of the protem is 

* Other colloids (starch, glycogen, soaps, etc ) can be similarly ‘‘salted out” 
of solution 
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called denaturation Albumins and globulins are most readily 
rendered insoluble by this method , proteoses and peptones aie never 
rendered insoluble by the action of alcohol This fact is of value 
in the separation of these proteins from others 

Crystallisation — Haemoglobin, the red pigment of the blood, 
is a protein and is crystallisable (for fuither details, see The Blood, 
p 347) Like other proteins it has a large molecule, though 
crystalline, it is not crystalloid m Graham’s sense of that term 
Further, egg albumin and some other proteins have been crystallised 
by treatment with inorganic salts 

Action on Polarised Light — Most protems are Isevo-rotatory, 
the amount of rotation varying with individual protems Several 
of the conjugated proteins, eg haemoglobin and nucleo-protems, are 
dextro-rotatory, though their protein components are laevo-rotatory 
(Gamgee) 

Protein-hydrolysis 

When protein material is subjected to hydrolysis, as it is when 
heated with mineral acid, or alkalis, 01 superheated steam, or to the 
action of such enzymes as trypsin m the alimentary canal, it is 
finally resolved into the numerous ammo-acids of which it is 
built But before this ultimate stage is reached, it is split into 
substances of progressively diminishing molecular size, which still 
retain many of the protein characters The products may be classified 
m order of formation as follows — 

1 Meta-protems 

2 Proteoses 

3 Peptones 

4 Polypeptides 

5 Ammo-acids 

The polypeptides are linkages of two or more ammo-acids, as 
already explained Although most of the polypeptides at present 
known are products of laboratory synthesis, many have been 
definitely separated from the digestion products of protems 

Products of Partial Hydrolysis 

1 Acid and Alkali Metaprotem — These are insoluble m pure 
water, but are soluble m either acid or alkali, and are precipitated 
by neutralisation unless certain disturbing influences like sodium 
phosphate are present They are precipitated like globulins by 
saturation with such neutral salts as sodium chloride or magnesium 
sulphate They are not coagulated by heat if m solution 

2 Proteoses — The word “proteose” includes the albumoses 
(fiom albumin), globuloses (from globulin), vitelloses (from vitellm), 
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etc Similar substances are also formed fiom gelatin (gelatmoses) 
and elastm (elastoses) They are not coagulated by heat, they aie 
precipitated but not coagulated by alcohol like peptone, they give 
the pink biuret reaction They are precipitated by nitric acid, the 
'precipitate being soluble on heating , and reappearing when the liquid 
cools This last is a distinctive property of proteoses They are 
slightly diffusible 

The primal y proteoses, which are those formed first, are pre- 
cipitated by saturation with magnesium sulphate or sodium chloride 
Secondary proteose is not , it is, however, precipitated by saturation 
with ammonium sulphate 

3 Peptones — These are soluble m watei, are not coagulated 
by heat, and are not precipitated by nitric acid, copper sulphate, 
ammonium sulphate, and a number of other precipitants of protems 
They are precipitated but not coagulated by alcohol They are also 
precipitated by tannm, picric acid, potassio-mercuric iodide, phospho- 
molybdic acid, and phospho-tungstic acid 

They give the biuret reaction (rose-red solution with a trace of 
copper sulphate and caustic potash or soda) 

Peptone is readily diffusible through animal membranes 
The annexed table will give us at a glance the chief characters of 
peptones and proteoses m contrast with those of the native proteins, 
albumms, and globulins 


Variety 

of 

protein 

Action 

of 

heat 

Action 

of 

alcohol 

Action 

of 

nitric acid 

Action of 
ammonium 
sulphate 

Action of 
copper 
sulphate 
and caustic 
potash 

Diffusi 

bility 

Albumin 

Coagulated 

Precipitated, 
then coagu 
lated 

Precipitated 
in the cold, 
not readily 
soluble on 
heating 

Precipitated 
by complete 
saturation 

Violet 

colour 

Nil 

Globulin 

Ditto 

Ditto 

Ditto 

Precipitated 
by half satu 
ration, also 
precipitated 
by MgS0 4 

Ditto 

Ditto 

Proteoses 

Not 

coagulated 

Precipitated, 
but not co 
agulated 

Precipitated 
m the cold, 
readily sol 
u b 1 e on 
heating , the 
precipitate 
reappears on 
cooling* 

Precipitated 
by satura 
tion 

Rose red 
colour 
(biuret 
reaction) 

Slight 

Peptones 

Not 

coagulated 

Precipitated, 
but not co 
agulated 

Not precipi 
tated 

Not precipi 
tated 

Rose red 
colour 
(biuret 
reaction) 

Great 


* With deutero albumose this reaction only occurs m the presence of excess of salt 
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The Ammo-Acids 

What we have already learnt about the fatty acids will help 
us in understanding what is meant by an ammo-acid We shall 
find it advantageous to distinguish the carbon atoms m the fatty 
acids 

1 If we take acetic acid, one of the simplest of the fatty acids, 
its formula is CH 3 COOH If one of the three hydiogen atoms 
m the methyl group is replaced by NH 2 , we get a substance which 
has the foimula CH 2 (NH 2 )COOH The group NH 2 is called the 
owmio-group, and the new substance now formed is called ammo- 
acetic acid , it is also termed glycme or glycocoll In this example 
there is only one position which the ammo-group can occupy Thus 
there can only be one ammo-acetic acid, but m other cases there are 



more possibilities, and their carbon atoms are termed a, /3, y, etc 
In propionic acid there are two possibilities , it has the formula — 

H H 

i | /OH 

H-C-C— 

P a VO 

u 

We thus can get either CH 2 ]STH 2 CH 2 COOH (/3-amino-propiomc 
acid), or CH 3 CH HH 2 COOH (the a acid) , a-ammo-propiomc acid 
is called alanine Going higher in the scale, the more numerous 
become the possibilities, but the a-ammo-acids only are found 
in nature From hydroxy-propionic acid, we get the ammo- 
derivative called serine, from valeric acid (C 4 H 9 COOH), valine 
(C 4 F 8 (NH 2 )COOH) is obtained, and from eaproic acid (C 6 H U COOH) 
we get leucine (C 6 H 10 (NH 2 )COOH), or more accurately a-ammo- 
lsobutyl-acetic acid (CH 8 ) 2 CH CH 2 CH(NH 2 )COOH Its crystalline 
foim is shown on the left-hand side of fig 152 
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All the five amino-acids mentioned (glycine, alanine, seime, valine, 
and leucine) aie found among the final pioducts of most piotems 

2 A second gioup of ammo-acids is obtained fiom fatty acids, 
which contain two caiboxyl (COOH) gioups m then molecules 
The most impoitant of the ammo-dei lvatives obtamed from these 
dicaiboxylic acids are ammo-succmamic acid (asparagine), amino- 
succinic acid (aspaitic acid), amino-glutanc acid (glutamic acid) 

3 The third gioup of ammo-acids is a veiy important one, the 
aromatic ammo-acids, that is, ammo-acids containing the benzene 
ring, and of these we will mention two, namely, phenyl-alanme and 
tyrosine, and a nearly related substance called tryptophan 

Phenyl-alanme is alanine or a-amino-propionic acid in which an 
atom of hydrogen is replaced by a phenyl gioup , propionic acid 
has the formula C 2 H 5 COOH, alanme (a-ammo-propionic acid) is 
C 2 H 4 (lSrH 2 )COOH , phenyl-alanme is C 6 H 5 C 2 H 3 (lSrH 2 )COOH, or 
giaphically written — 

CH 2 CH(NH 2 )COOH 

\/ 

Tyrosine is a little moie complicated, it is para-hydroxyphenyl 
alanme, that is, graphically written — 


OH 



CH 2 CH(NH 2 )COOH 

Tyrosine crystallises m collections of very fine needles (see fig 152) 
Tryptophan is moie complex still — 

CH 

HC<^\- C CH, CH NH 2 COOH 

HC \/t\/^CH 

CH NH 

it is mdole ammo-propionic acid that is, ammo-propionic acid 
united to a nnged derivative called mdole Tryptophan is the 
portion of the protein molecule which is the parent substance of 
two evil-sinelling * products of protem decomposition called mdole 
and skatole or methyl mdole Indole is a combmation of the 
benzene and pyrrol rmgs Tryptophan is the radical m the 
protein molecule which is responsible for the colour test called 
the Adamkiewicz reaction 

In this and m all the precedmg cases, there is only one 
* The smell is probably due to skatole, pure mdole having’ a pleasant smell 
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replacement of an atom of hydrogen by the ammo group (NH 2 ) 3 
hence they may be all classed together as mono-ammo-acids 

Passing to the next stage in complexity, we come to another group 
of ammo-acids which are called diamino- acids , that is, fatty acids m 
which two hydrogen atoms are replaced by NH 2 groups Of these we 
may mention lysme, ornithine, argmme, and histidine 

Lysme is diammo-caproic acid Caproic acid is C 6 H n COOH 
Mono-amino-caproic acid or leucine, we have already learnt, is 
C 6 H 10 (NH 2 )COOH Lysine or diammo-caproic acid is C 6 H 9 
(HH 2 ) 2 COOH 

Ornithine is diamino-valenc acid, and the following formulae 
will show its relationship to its parent fatty acid — 

C 4 H 9 COOH is valeric acid 

C 4 H 7 (1SFH 2 ) 2 C00H is diammo-valenc acid 01 ornithine 


Arginine is a somewhat more complex substance, which contains 
the ornithme radical It belongs to the same group of substances 
as creatine, which is methyl-guanidme acetic acici, and has the 
formula — 


HN ^ 

yC -N(CH 3 )CH 2 COOH 

H 2 N/ 

[Creatme ] 


H,N\ 

h 2 n/ 


c = o 


[Urea ] 


NH(CH 3 )CH 2 COOH 

[Sarcosme or methyl glycine ] 


On boiling it with baryta water, it takes up water and splits at the 
dotted line mto urea and sarcosme, as shown above 

Aigmme splits m a similar way, urea being split off on the left, 
and ornithme instead of sarcosme on the right Argmme is, there- 
fore, a compound of ornithme with a urea group 

Histidine, though not strictly speaking a diammo-acid, is a 
diazine denvative (mndazole-ammo-propionic acid), and so may 
be mcluded m the same group Histidine is of great importance 
as it leadily loses C0 2 on decomposition and gives rise to a veiy 
toxic substance histamine, which is very readily produced m damaged 
tissues 

These substances we have spoken of as acids, but they may also 
play the pait of bases, for the mtroduction of a second ammo-group 
mto the fatty acid molecules confeis upon them basic properties 
The three substances lysme, C 6 H 14 lSr 2 0 2 , argmme, C 6 H 14 N 4 0 2 , 
histidine, C 6 H 9 lSr 3 0 2 are in fact often called the hexone bases, because 
each of them contams 6 atoms of carbon, as the above empirical 
foimulae show 

Cystine and methionine are complex diamino-acids m which 
sulphur is present, and m which the greatei part of the sulphur of 
the protem molecule is contamed 
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In addition to all these numerous ammo-acids theie are other 
cleavage products, of which it will be sufficient to mention proline 
In the nucleo-proteins the nuclein component yields in addition 
what are known as purine and pyrimidine bases (See fuither 
under Nucleic Acid, also under Uric Acid) 


The Constitution of Proteins 

The above list now represents the principal groups of chemical 
nuclei united together in the piotem molecule, and its length makes 
one realise the complicated nature of that molecule and the difficulties 
which beset its investigation We may put the pioblem another 
way In the simple sugars, with six atoms of carbon, there are as 
many as twenty-four different ways m which the atomic groups may 
be linked up , the formulae on p 298 give only three of these which 
represent the structure of glucose, fructose, and galactose , but the 
majority of the remainder have also been prepared by chemists The 
molecule of albumin has at least 700 carbon atoms, so the possible 
combinations and permutations must be reckoned by millions 

Much work is being done on the various known protems, 
taking them to pieces and identifying and estimating the fragments 
and improving the methods of estimation The following table 
presents the results obtained with some of the cleavage products of 
a few proteins The numbers given are percentages 



Serum albumin 

Egg albumin 

Serum globulin 

|a 

1 £ 
3 s 

Gelatin 

Keratin, from 
liorse liair 

Edestin, a globulin 
from cotton seed 

.Zem, from maize 

Gliadin, from 
wheat 

Glycine 

0 

0 

3 5 

0 

25 5 

4 7 

3 8 

0 

0 02 

Leucme 

20 0 

6 1 

18 7 

10 5 

7 1 

7 1 

2 9 

18 6 

5 6 

Glutamic acid 

7 7 

8 0 

8 5 

21 8 

5 8 

3 7 

17 2 

26 2 

43 7 

Tyrosine 

2 1 

1 1 

2 5 

45 

0 

3 2 

2 1 

3 5 

1 2 

Arginine 

4 9 

2 1 

3 9 

3 8 

7 6 


11 7 

1 2 

32 

Tryptophan 

+ 

+ 

+ 

1 5 

0 


+ 

0 

1 0 

Cystine 

25 

0 3 

0 7 

0 06 

{ 

More 
than 10 

| 0-2 


0 4 


Such numbeis, of course, are not to be committed to memory, but 
they are sufficient to convey to the reader the differences between 
the protems There are several blanks left, on account of no accurate 
estimations having yet been made Where the sign + occurs, the 
substance in question has been proved to be present, but not yet 
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determined quantitatively Among the more striking points brought 
out aie — 

1 The absence of glycine fiom albumins 

2 The high percentage of glycine m gelatin 

3 The absence of tyrosine and tryptophan m gelatin 

4 The high percentage of the sulphur-containing substance 
(cystine) in keratin 

5 The high percentage of glutamic acid m vegetable proteins 

Fischer discovered the way m which the ammo-acids are 
lin ked togethei mto groups The gioups are termed peptides or 
polypeptides, many of these have been made synthetically m the 
laboratory, and so the synthesis of the piotem molecule is 
foreshadowed 

We may take as oui examples of the peptides some of the simplest, 
and may write the formulae of a few ammo-acids as follows — 

NH 2 CH 2 COOH Glycine,^ 

NH 2 C 0 H 4 COOH Alanine, ioi in geneial teims, HNH R COOH 
NH 2 C 5 X 0 COOH Leucine, J 

Two ammo-acids are linked togethei as shown m the following 
formula — 


HNH R CO OH + H NH R COOH 


What happens is that the hydroxyl (OH) of the caiboxyl (COOH) 
group of one acid unites with one atom of the hydrogen of the other 
ammo (HNH) gioup, and water is thus formed, as shown within the 
dotted lmes this is eliminated and the rest of the chain closes up 
In this way we get a dipeptide Thus glycyl-glycme, glycyl- 
leucme, leucyl-alanme, alanyl-leucme, and numerous other combina- 
tions are obtamed If the same operation is repeated we obtain 
tripeptides (leucyl-glycyl-alanme, alanyl-leucyl- tyrosine, etc), then 
come the tetrapeptides, and so on In the end, by coupling the chains 
sufficiently often and m appropriate order, Fischer has already 
obtamed substances which give some of the reactions of peptones 
It is beyond the scope of this book to give details of estimation 
of individual ammo-acids, but the following general methods of 
protein analysis may be given 

Hausmann’s Method — This is a short and trustworthy procedure., by which 
an approximate knowledge oi the nitrogen distribution in the protein molecule 
is ascertained 

It is shortly as follows — The whole nitrogen of the protein is estimated 
by Kjeldahl’s method A weighed amount is then hydrolysed by means of 
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hydrochloric acid, and then the cleavage products are separated into three classes 
and the nitrogen estimated in each, as — 

1 Ammonia nitrogen This comprises the nitrogen of the protein molecule 
which is easily split off as ammonia, and is determined by distilling off the 
ammonia after adding magnesia 

2 Diammo-N The fluid, free from ammoma, is precipitated by phospho- 
tungstic acid, and the nitrogen present in the precipitate determined This 
represents the nitrogen of the diammo-acids (lysine, arginine, etc ) 

3 Mono-amino-N is then estimated m the residual fluid 

The method has proved useful for the differentiation of proteins, and interest- 
ing deductions as to their food value have been drawn from its results 

Van Slyke’s Method —In this method the two last fractions m Hausmann’s 
method are treated with nitrous acid, which liberates nitrogen from ammo-groups 
By measuimg the nitrogen evolved, the ammo-nitrogen is ascertained, and the 
non-amino-mtrogen (that is, the nitrogen m heterocyclic combination m prohne 
tryptophan, etc ) is determined by difference This method can be worked with 
quite small quantities of protein, and from 98 to 100 per cent, of the nitrogen is 
accounted for 


L 
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to the positive charge of two hydiogen ions We can thus speak of 
monovalent, divalent, tnvalent, etc , ions 

Ions positively chaiged aie called Icat-ions because they move 
towards the kathode or negative pole, those which aie negatively 
chaiged are called an-ions because they move towards the anode or 
positive pole The following are some examples of each class — 

Kat-ions Monovalent — H, Na, K, NH^ etc 

Divalent — Ca, Ba, Fe (m feirous salts), etc 
Tnvalent — Al, Bi, Sb, Fe (m feme salts), etc 
An-ions Monovalent — Cl, Br, I, OH, N0 3 , etc 
Divalent — S, Se, SO^ etc 

Roughly speaking, the greater the dilution the more nearly 
complete is the dissociation, and m a very dilute solution of such a 
substance as sodium chloride we may consider that the number of 
ions is double the number of molecules of the salt present 

The ions libeiated by the act of dissociation are, as we have seen, 
chaiged svith electricity, and when an electrical current is led into 
such a solution, it is conducted through the solution by the move- 
ment of the ions Substances which exhibit the property of 
dissociation are known as electrolytes 

The liquids of the body contam electrolytes m solution, and it 
is owing to this fact that they are able to conduct electrical currents 
This conception of electrolytic dissociation which we owe to 
Airhenius is extremely important m lelation to osmotic pressuie, 
because the process of dissociation increases the number of particles 
moving m the solution, and so mcreases the osmotic pressure, foi 
m this relation an ion plays the same part as a molecule 

It has been shown also that living tissues aie extremely sensitive 
to the nature and the coneentiation of ions m their environment 
Some of these facts, which we owe largely to the work of Ringer and 
of Loeb, we have alieady lefened to in i elation to the heart, amoeba, 
and cilia 

Gramme-molecular Solutions — From the pomt of view of 
osmotic pressure a convenient unit is the gramme-molecule A 
gramme-molecule of any substance is the quantity in grammes of 
that substance equal to its molecular weight A gramme-molecular 
solution is one which contams a gramme-molecule of the substance 
per litre Thus a gramme-molecular solution of sodium chlonde is 
one which contams 58 46 grammes of sodium chloride (Ha = 23 00 
Cl = 35 46) m a litre A gramme-molecular solution of glucose 
(C 6 Hi 2 0 6 ) is one which contams 180 grammes of glucose m a litre 
A giamme-molecule of hydrogen (H 2 ) is 2 grammes by weight of 
hydiogen, and if this was compressed to the volume of a litre, it 
would be comparable to a gramme-molecular solution It therefore 
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follows that a litre containing 2 gi amines of hydrogen contains the 
same number of molecules of hydrogen m it as a litre of a solution 
contain i ng 58 46 grammes of sodium chloride, or one contammg 
180 grammes of glucose, has m it of salt or sugar molecules respect- 
ively To put it another way, the heavier the weight of a molecule 
of any substance, the more of that substance must be dissolved in 
the litre to obtain its gramme-molecular solution Or still another 
way if solutions of various substances are made all of the same 
strength per cent , the solutions of the materials of small molecular 
weight will contain more molecules of those materials than the 
solutions of the materials which have heavy molecules We shall 
see that the calculation of osmotic pressure depends upon these 
facts 

Diffusion — If two gases aie brought together within a closed 
space, a homogeneous mixture of the two is soon obtained This 
is due to the movements of the gaseous molecules within the confining 
space, and the process is called diffusion Tins process, we have 
seen, is important m relation to the passage of gases to and fiom the 
blood m the lungs In a similar way diffusion will effect m time a 
homogeneous mixture of two liquids or solutions If water is 
carefully poured on to the surface of a solution of salt so as to form 
two layers, the salt or its ions will soon be equally distributed 
throughout the whole If a solution of albumin oi any other colloidal 
substance is used instead of salt m the experiment, diffusion will 
be found to occur much more slowly 

The Passage of Substances through Membranes 

If, instead of pourmg the water on to the surface of a solution 
of salt or sugar, the two are separated by a membrane made of such 
a material as parchment, a diffusion will occur, 
though more slowly than m cases where the 
membrane is absent In time, the water on 
each side of the membrane will contam the same 
quantity of sugar oi salt Substances winch pass 
through such membranes are called crystalloids 
Substances which have large molecules (starch, 
protein, etc ) and do not pass through such 
membranes aie called colloids Very few, if any, 
membranes are equally permeable to watei and 
to molecules of the substances dissolved m the 
water If m fig 153 the compartment A is filled 
with pure water, and B with a sodium chlonde solution, the liquids 
in the two compartments will ultimately be found to be equal m 
bulk as they were at the start, and each will be a solution of salt 


M 


m 


■ 

— 
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of half the strength of that originally m the compartment B But at 
first the volume of the liquid m compartment B increases, because 
more water molecules pass into it from A than salt molecules pass 
from B to A The term osmosis is generally limited to the stream 
of water molecules passmg through a membrane, while the term 
dialysis is appbed to the separation of those substances which 
can pass thiough a membrane from those which cannot At first, 
then, since osmosis (the diffusion of water) is 
moie rapid than the dialysis (the diffusion of 
the salt molecules or ions), the level of B 
becomes higher than that of A This differ- 
ence indicates the higher osmotic pressure 
of the salt solution or the powei of the 
solution to attiact water If a bladder con- 
taining stiong salt solution is placed in a 
vessel of distilled water, water passes into 
the bladder by osmosis, so that the bladder 
is swollen, and a manometer connected with 
its interior will show a rise of pressuie 
(osmotic pressure) 

The total osmotic piessuie cannot, how- 
ever, be measured in this way because (1) the 
salt diffuses out as the water diffuses m, and 
(2) the mci eased hydiostatic pressuie m B 
(due to giavity) tends to mteifeie with the 
passage of the water to B (see Filtration 
below) 

It is therefore necessary to use a mem- 
brane winch will not allow salt to pass out 
either by dialysis or filtration, though it will 
FlG tami^ A dis°faiM V water , c °b, let the water pass m Such membranes are 
mner semi permeable j easel, called semi-vei meable membranes, and one of 

containing 1 per cent salt -c ’ 

solution, m, mercurial the best of these is ferrocyanide of copper 
manometer (After star k e made by taking a cell of porous 

earthenware and washing it out first with 
copper sulphate and then with potassium ferrocyanide An insoluble 
precipitate of copper ferrocyanide is thus deposited in the pores of 
the earthenware 

If such a cell is ananged as m fig 154, and filled with a 
1 per cent solution of sodium chloride, watei diffuses m, till 
the pressuie registered by the manometer reaches the enormous 
height of 5000 mm of meicury If the pressure m the cell is 
increased beyond this artificially, water will be pressed through 
the semi-permeable walls of the cell and the solution will become 
moie concentrated 
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Though it is theoietically possible to measure osmotic piessuie 
by a manometer m this direct way, practically it is hardly ever 
done, because it has been found difficult to constiuct a membrane 
which is absolutely semi-permeable , they are nearly all permeable 
m some degree to the molecules of the dissolved ciystalloid In 
couise of time, therefore, the dissolved ciystalloid will be equally 
distributed on both sides of the membrane, and osmosis of 
water will cease to be apparent, since it will be equal m both 
directions 

Calculation of Osmotic Pressure — As a simple example we 
may take a 1 pei cent solution of cane - sugar which does not 
dissociate into ions 

One gramme of hydrogen at atmospheric pressure and 0° C 
occupies a volume of 112 lities, two grammes of hydrogen will 
therefore occupy a volume of 22 4 lities A gramme-molecule of 
hydrogen — that is, 2 grammes of hydrogen — when brought to the 
volume of 1 litre, will exert a gas pressure equal to that of 22 4 litres 
compressed to 1 litre — that is, a pressuie of 224 atmospheies A 
gramme-molecular solution of cane-sugar, since it contains the same 
number of molecules m a litre, must therefore exeit an osmotic 
pressure of 22 4 atmospheres also A gramme-molecular solution of 
cane-sugar (0 12 H 22 0 n ) contains 342 grammes of cane-sugar m a litre 
of water A 1 per cent solution of cane-sugar con tarns only 10 
grammes of cane-sugar m a litre, hence the osmotic pressure of 

a 1 per cent solution of cane-sugai is x 22 4 atmospheres, or 

0 65 of an atmosphere, which m terms of a column of mercuiy 
= 760x0 65 = 494 mm 

It is not possible, howevei, to apply this method to mixed 
solutions containing electiolytes such as occur in the body since 
it is not known how many molecules are ionised 

Determination of Osmotic Pressure by means of the 
Freezing-point — This is the method which is almost universally 
employed The principle on winch the method depends is the 
following — The freezing-point of a solution of any substance in 
water is lower than that of water, the lowermg of the freezing- 
point is proportional to the molecular concentration of the dissolved 
substance, and that, as we have seen, is proportional to the osmotic 
pressure 

When a gramme-molecule of any substance is dissolved m a litre 
of water, the freezing-point is lowered by 1 87° C , and the osmotic 
pressure is, as we have seen, equal to 22 4 atmospheres, that is, 
22 4 x 760 = 17,024 mm of mercury 

, We can, therefore, calculate the osmotic pressure of any solution if 
we know the lowermg of its freezing-point m degrees Centigrade , the 

L 2 
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lowenngof the freezing-point is usually expressed by the Greek letter A 
The determination is made by the use of the Beckmann theimometer 

Osmotic piessuie = y^x 17,024 

For example, a 1 per cent solution of sugar would freeze at 

, , 0 /■'j A . 0 052x17,024 _ 

— 0 052 C 3 its osmotic pressure is therefore =473 mm , 

a number approximately equal to that we obtained by calculation 

Mammalian blood serum gives A=056°C A 09 per cent 
solution of sodium chloride has the same A > hence serum and 
a 0 9 pei cent solution of common salt have the same osmotic 
pressure, oi aie isomotic The osmotic pressure of blood serum is 

0 56x17,024 t a a a £ 4.1 4* 

= 5000 mm of mercury approximately, or a piessure of 

1 o7 

nearly 7 atmospheres 

The osmotic pressure of solutions may also be compared by 
observing their effect on red blood-corpuscles, or on vegetable cells 
such as those m Tradescantia If the solution is Tiypei tome , % e , has 
a greater osmotic pressure than the cell contents, the protoplasm 
shrinks, and loses water, or if red corpuscles are used, they become 
crenated, if the solution is hypotomc , ie, has a smaller osmotic 
pressure than the material withm the cell- wall , and if red corpuscles 
are used they swell and burst Isotome solutions, such as physio- 
logical or normal salt solution, produce neither of these effects, because 
they have the same osmotic pressure as the material withm the cell- 
wall Isomotic solutions may or may not be isotonic, depending on 
their nature 

The Nature of Osmotic Pressure —The following simple explanation 
is perhaps the best, and may be rendered most intelligible by an example 
Suppose we have a solution of sugar separated by a semi-permeable membrane 
from water , that is, the membrane is permeable to water molecules, but not to 
sugar molecules The streams of water from the two sides will then be unequal , 
on one side we have water molecules striking against the membrane m what we 
may call normal numbers, while on the other side both water molecules and sugar 
molecules are striking against it On this side, therefore, the sugar molecules 
take up a certain amount of room, and do not allow the water molecules to get to 
the membrane , the membrane is, as it were, screened against the water by the 
sugar, therefore fewer water molecules will get through from the screened to the 
unscreened side than vice versa This comes to the same thing as saying that 
the osmotic stream of water is greater from the unscreened water side to the 
screened sugar side than it is m the reverse direction The more sugar molecules 
that are present, the greater will be their screening action, and thus we see that 
the osmotic pressure is proportional to the number of sugar molecules m the 
solution, that is, to the concentration of the solution 

Osmotic pressure is, m fact, equal to that which the dissolved substance would 
exert if it occupied the same space m the form of a gas (Van’t Hoff’s hypothesis) 
The nature of the substance makes no difference , it is only the number of molecules 
which causes osmotic pressure to vary The osmotic pressure, however, of 
substances like sodium chloride, which are electrolytes, is greater than what one 



CH XXI ] PHYSIOLOGICAL applications 331 


would expect from ^eir^o n stiti fin* GS present Thls 1S because the molecules 
m solution are split ions, and an ion plays the same part as a 

molecule, m questio , P -n. SU f e . solutions of sodium chloride 

ionization is more comp ' , ’ i L l 16 total number of ions is then nearly double 

the number of on & l ™\ the U umh ° S1 ? 0tl< ? pressure is nearly double what would 
have been calculated from tne number of molecules J 

The analogy betweenosmo ^.Pressure and the pressure of gases is very 
complete, as may be seen xrom the following statements — 

1 At a constant temperature osi^, o tlc p ressUre ]s proportional to the concentra- 

tion of the solution ( Boyle- JMariotte s law for gases) 

2 With constant concentration, the osmotic pressure rises with and is pro- 
portional to the temperature v^ a y~^mssac s law for gases) 

3 The osmotic pressure o a solution of different substances is equal to the 
sum of the pressures which tne individual substances would exert if they were 
alone in the solution (Henry-Ualton law for partial pressure of gases) 

4 The osmotic pressure is independent of the nature of the substance in 
solution, and depends only on the number of molecules or ions in solution 
(Avogadro’s law for gases) 


Filtration — Fluids may also pass through membranes m virtue 
of a mechanical or hydrostatic difference m pressure on the two 
sides The membrane leaks, as it weie, but only the substances in 
solution pass through This occurs m the case of oidmary filtration 
through a piece of blotting-paper It is, however, impoitant to note 
that the concentration of the filtrate is the same as that of the true 
solution before filtration 

Physiological Applications — It will at once be seen how 
important all these considerations are from the physiological stand- 
point In the body we have aqueous solutions of various substances 
separated from one another by membranes Thus there are the 
endothelial walls of the capillaries separating the blood fiom the 
lymph , the epithelial walls of the kidney tubules separating the 
blood and lymph from the mine, and similar epithelium in all 
secreting glands , there is also the wall of the alimentary canal 
separating the digested food from the blood-vessels and lacteals 
In such important problems, then, as lymph-formation, the formation 
of urine and other excretions and secretions, and absorption of food, 
we have to take into account the laws which regulate the movements 
both of water and of substances which are held m solution by the 
water In the body osmosis and filtration both take place Further 
complicating these two processes there is another foice, namely, the 
secretory or selective activity of the living cells of which membranes 
are composed This is sometimes called by the name vital 
action, which is an unsatisfactory and unscientific expression The 
law^s which regulate filtration, imbibition, and osmosis aie fanly 
well known and can be experimentally verified But wo have 
undoubtedly some other force, oi some otliei manifestation of mice, 
m living membranes It probably is some physical oi chemical 
property of living matter which has not yet been brought into h»» ( 
with the known chemical and physical ioices wlncli operate m >< 



332 


PHYSICAL CHEMISTKY 


[CH XXI 


inorganic woild We cannot deny its existence, for it sometimes 
operates so as to neutralise the known forces of osmosis and filtration 

The moie one studies the questions of lymph-formation and 
glandular secretion, the more it is evident that mere osmosis and 
filtration will not explain them entirely The basis of the action 
is no doubt physical, but the living cells do not behave like the 
dead membrane of a dialyser , they have a selective action, pickmg 
out some substances and passmg them through, while rejectmg 
others This is m part, but not wholly, due to the fact that the 
permeability is greater to some ions than to others The subject 
has been extensively investigated by Hambuiger 

The cell has no real choice m what shall pass through and 
what be kept back It has been found that different ions modify 
in various ways the noimal permeability The electric charge of 
the ions must be an important factor in determining the passage 
of substances through the cell and its plasmatic membrane This 
permeability may become altered m diseased conditions by an 
upset of the normal relationships of the ions, hence cellular activity 
becomes abnormal Electric charge, moreover, is only one factor, 
molecular size m passmg the sieve-like membrane is another, 
solution affinities, surface tension, etc, are still others 

These considerations may be exemplified by what is known m 
relation to the permeability of cells to glucose This sugar is always 
piesent m the blood in health, but is wholly contained in the 
plasma , the corpuscles are stated to be impermeable to this variety 
of sugar In diabetes they become permeable (See also Secretion 
and Absorption ) 

The theory of diffusion of dissolved substances through membranes 
as applied to cells has been profoundly influenced by the discovery 
of the composition of the cell-wall. At one time it was believed 
that diffusion of a colloid material was prevented by the pores of the 
membrane being too small to allow large molecules to get through 
them, it was thought to act as a sort of sieve But this cannot 
be the whole explanation, and it is now held that solution affinities 
play a most important part , that is to say, a membrane is permeable 
to substances which are soluble in the material of the membrane 
Such solubility may imply the formation of actual chemical unions, 
or more frequently the process is one of adsorption (see below), 
this latter process comes specially into play when nutritive materials 
are assimilated by the cell by means of the protein solution which 
occupies the mterstices between the fat molecules of the membrane 
On the other hand, the permeabihty by substances such as alcohol, 
chloroform, and ethei, is mainly determined by the solubility of these 
materials m the fatty or fat-like components of the membrane, and 
this consideration is the foundation of the Meyer-Overton theory 
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of the narcotic effect on cells which these volatile anaesthetics 
exercise 

The piocess of absorption depends largely, but not entnely, on 
physical principles Distilled water and readily diffusible substances 
readily pass through into the blood and lymph, but if hypertomc 
saline is introduced into the intestine, water passes from the blood 
to the intestine This is the action of a purgative, especially the 
sulphates, which are not so readily absorbed as chlorides Curiously, 
howevei, as Waymouth Eeid has shown, if the living epithelium of 
the intestine is removed, absorption comes very nearly to a standstill, 
although from the purely physical standpoint removal of the thick 
columnar epithelium would increase the facilities for osmosis and 
filtration 

The osmotic pressure exerted by crystalloids is very considerable, 
but their ready diffusibility limits their influence on the flow of 
water in the body Thus if a strong solution of salt is injected mto 
the blood, the first effect will be the settmg up of an osmotic stream 
from the tissues to the blood The salt, however, would soon diffuse 
out mto the tissues, and would now exert osmotic pressure m the 
opposite direction Moreover, both effects will be but temporary, 
because excess of salt is soon got rid of by the excretory organs 

Osmotic Pressure of Proteins — The osmotic pressure of piotems 
is of special impoitance m relation to the blood, wheie they have 
been shown by Starling to exert a pressuie of 30 mm of meicuiy 
By means of this pressure it is possible to explain the fact that an 
isotonic or even a hypertonic solution of a diffusible crystalloid may 
be completely absorbed from the peritoneal cavity mto the blood 
The pressure observed may be due to saline materials from which it 
is difficult to separate protems * 

The functional activity of the tissue elements is accompanied by 
the breaking down of their protein constituents mto such simple 
materials as uiea (and its precursors), sulphates and phosphates These 
materials pass mto the lymph, and mcrease its molecular concentiation 
and its osmotic pressure , thus water is attracted (to use the older 
way of putting it) from the blood to the lymph, and so the volume of 
the lymph rises and its flow mcreases On the other hand, as these 
substances accumulate m the lymph they will m time attain there 
a greater concentration than m the blood, and so they will diffuse 
towards the blood, by which they are carried to the organs of excretion 

But, agam, we have a difficulty with the proteins they are most 

* Bayhss has shown that the saline constituents found m a native protein are 
not mechanically mixed with it, and are also not m true chemical combination with 
it, but are m a condition intermediate between these two extremes, to which the 
term adsorption is applied Many dyes used for staining fabrics and histological 
preparations are also adsorbed 
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important for the nutntion of the tissues, but they aie practically 
mdiffusible We must therefore assume that their presence m the 
lymph is due somehow to filtration from the blood 

It is the osmotic pressure of the piotein which is chiefly respon- 
sible for preventing the fluid of the blood from leaving the blood-vessels 
In the capillanes we have a balance of pressure on the one 
hand we have the piessure of the blood, together with the osmotic 
pressuie of the tissue fluids, tendmg to drive fluid from the vessels, 
while, on the other hand, this is counteracted by the osmotic pressure 
of the blood which is exerted by the salts and proteins The balance 
is, however, a very delicate one, since an increase of capillary 
piessure causes fluid to pass into the tissues (oedema ) — and hence it 
is that our feet are slightly larger at the end of the day On the 
othei hand, when the capillary piessure falls, as in haemorrhage, fluid 
passes from the tissues into the blood In kidney disease, when 
much protein, especially serum albumin, which has a smaller 
molecule and higher osmotic piessure than seium globulin, is lost m 
the mine, oedema is apt to occur, and is in part due to loss of colloid 
The Law of Mass Action — This law is of fundamental im- 
portance m relation to the processes which break down substances 
m digestion and subsequently cause the products to be built up 
into the tissues of the body The law states that the rate at which 
a reaction takes place is proportional to the mass of the reagents 
m a certain volume, or, more accurately, to the concentration of 
the active masses of the reagents (Bayliss) Thus m a reveisible 
reaction the extent to which either will pioceed will similaily 
depend on the concentration of the reagents on either side In the 
equation 

c 2 h 6 oh + ch 3 cooh ^ CH S COO C 2 HI + h 2 o 

[Ethyl alcohol ] [Acetic acid ] [Ethyl acetate ] [Water ] 

the extent to which alcohol and acetic acid will be formed, %e the 
equihfowm-jpomt, m such a hydrolysis will depend on the concen- 
tration of water, and of the other reacting constituents (See pp 
340 - 41 ) 

In a test-tube, therefore, the hydrolysis of a starch or of a 
protein by an enzyme is not quite complete, some of the substances 
always remaining unchanged 

In the body, however, some of the substances produced are 
removed fiom the sphere of reaction In the digestion of starch, 
for example, the soluble sugar formed becomes absorbed and no 
longer interferes with the continuance of the reaction 

Similarly, m the blood and tissues one of the substances, 
the glycogen, is also removed from the sphere of reaction and the 
synthesis can, therefore, proceed It is not yet quite clear how 
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some of the substances are actually removed fiom the sphere of 
the reaction, but that such a process does take place seems tolerably 
certain 

Reaction Velocity — Most reactions in Inorganic Chemistry take place between 
electrolytes— substances which are good conductors of the electric current These 
may be considered as reactions between ions, and Ionic Reactions occur at such 
enormous velocity as to be practically instantaneous Ionic reactions take place 
between the inorganic constituents of living cells, but such reactions occurring 
as they do in a colloidal medium are somewhat slowed down, but even so are 
completed m an immeasurably short time The most important substances (fats, 
carbohydrates, proteins) m living tissues, are, however, not electrolytes, and 
reactions between them are spoken of as molecular reactions , and occur so slowly 
that it is possible to ascertain the rate at which they take place Reaction Velocity 
is defined as the quantity of the substance transformed, measured in gramme- 
molecules per litre, which disappears m the unit of time (one minute) When 
starch is transformed into sugar, or protein into ammo-acids, there is only one 
substance transformed, and such reactions which compose the majority of the 
reactions m living cells are called ummolecular reactions , or reactions of the first 
order When, for instance, starch is changed into sugar by the action of an acid, 
it is the starch alone which is altered, the acidity undergoes no diminution 
Similarly when the change is brought about by an enzyme, the starch only is 
changed, the enzyme is still present m its original quantity Reaction velocity 
is thus of special importance in a study of the changes produced by enzymes, and 
these are the most frequent of all changes m living structures 

Since the quantity of the substance acted upon is continually diminishing, the 
velocity of the reaction cannot remain the same throughout, but must dimmish m 
a certain ratio Suppose 20 parts out of 100 are transformed in the first minute, 
there will be only 80 parts remaining at the commencement of the second minute — 


Similarly at the commencement of the third minute we have only 64 left, 16 having 
disappeared — 


In the fourth minute, 12 8 disappears and 51 2 is left — 


64 - 5i = 51 2 , 
5 


and so on 

In order to express this m general terms, we may label the original concentration 
100 by the symbol C 0 , and for 80, 64, 51 2, etc , use the terms C x , C 2 , Cj, etc 
C t The constant figure in the above example is £ or 0 2 This may be represented 
by k The equations then run — 


C 0 -C 0 Jfc = C 1 , or C 0 (l-ifc) = C 1 
Further C 0 (l - A) - [C 0 (l - k) x k] = C 2 , 

or C 0 (l — k) = C 2 

Further C 0 (l - kr = C 3 

Finally C 0 (l - k) t = C 


If this is plotted out in the form of a curve, we obtain the curve known as a 
logarithmic curve 

In other cases we find that the reaction velocity is not directly proportional to 
the quantity of reacting substances, but to the square of this quantity In all such 
cases, two substances are simultaneously changed m their concentration Such a 
process takes place m the decomposition of esters (compounds of organic acids 
^nd ulcohols), under the influence of an alkali , here not only is the amount of 
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ester becoming less, but the alkali is also used up in the formation of salts of the 
drgamc acid Such reactions are called btmolecular reactions , or reactions of the 
second order Certain reactions in living cells are of this order, but reactions of 
higher orders still are not as yet known in living cells 

Surface Tension — The suiface layer of a liquid possesses 
certain properties which aie not shared by the rest of it, for m the 
interior the arrangement of matter is symmetrical round any point, 
whereas on the suiface the sunoundmgs consist of liquid on one side 
only, while on the othei side is solid, or gas, or it may be another 
liquid In a gas, the molecules are free from one another’s attractive 
influence and fly about freely with high velocity, producing pressure 
on the walls of the containing vessel, in a liquid, the mutual 
attractions of the molecules are gieat enough to keep the substance 
together m a definite volume , m order to separate the molecules and 
convert the liquid into gas a laige amount of energy is required — 
the so-called latent heat of evaporation The moleculai attractions 
m a liquid are thus very great, so that a molecule of the surface 
layer is pulled strongly inwards, and tins layer constitutes a 
stretched elastic skin, and the power thus exeited is spoken of as 
surface, tension The effect of suiface tension is most simply seen in 
a free drop of liquid, such as a rain-drop, or a drop of oil immersed 
in a mixture of alcohol and water of the same density There is 
then nothing to prevent the tension m the surface layer from 
contracting as much as possible, and the drop will therefore assume 
a form m which its volume will have the smallest surface, that is, 
the drop will assume the form of a sphere 

Now animal cells are liquid, and when they are at rest, other 
forces bemg absent, they also are spherical, and although they do 
not possess, as a rule, a definite wall of cellulose or other hard 
substance such as vegetable cells have, nevertheless the surface film, 
exercising the force called surface tension, plays the pait of an 
elastic skm, and is termed the plasmatic membrane This membrane 
plays an important physiological role In the projection of pseudo- 
podia, for instance, variations m the surface tension must occur m 
different parts of the periphery of the cell Protoplasm, how- 
ever, is not a simple liquid, but contams substances of varying 
chemical composition, and substances which have the power of 
diminishing surface tension always show a tendency to accumulate 
at the surface Hence the fats and lipides which are powerful 
depressants of surface tension are found, probably m a state of an 
extremely fine emulsion, more abundantly m the plasmatic membrane 
than elsewhere m the cell 

Adsorption — Fiom what has been said above it is evident that 
“any substance in solution m a liquid in contact with a surface 
will be concentrated m that suiface ” This process is called adsorption 
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The power of charcoal to take up gases or dyes is due to the laige 
surface it presents For a similar reason the amount of congo-red 
which a filter-papei will take up is relatively gieatei the more dilute 
the solution of the dye We shall see that this concentration at 
surfaces is important m digestion by enzymes which aie colloids and 
have therefore an extremely large surface and m which dilute acids 
and alkalis may be looked upon as becoming concentrated and 
having therefore the actrvity of strong solutions 

Colloidal Solutions —The study of colloids is important, seemg 
how many important physiological substances belong to this class , 
for instance, the pro terns, and polysaccharides Their mam chaiacteis 
aie, that they do not pass a parchment membrane (p 327), their solu- 
tions are opalescent, they crystallise with difficulty if at all, they 
have a tendency to form jellies (eg, gelatm), or to coagulate under 
the influence of heat and other agents (as is the case with most 
protems), and they exert a low osmotic piessure Inorganic sub- 
stances (eg, several metals, and compounds such as silicic acid) 
may also assume a colloidal condition, these are m an unstable 
physical condition, passing fiom the “sol” (or fluid) to the “gel” 
(or jelly-like) condition under slight provocation This confers upon 
them their power to act as catalysts 

The solutions formed by colloidal matenals aie not true solutions 
They are really suspensions of veiy minute particles The pai tides, 
though oidinanly invisible, will nevertheless scatter light, just as 
minute dust particles m the air are lit up by a beam of sunlight 
(Tyndall phenomenon) If a beam of light is passed thiough a 
colloidal solution the particles may be seen by means of a 
microscope This is the principle of the ultra-microscope 

Reaction of Fluids — Although this important subject is leally 
part of physical chemistry, it is more conveniently considered in 
connection with the maintenance of body reaction as a whole m 
a later chaptei 

Enzymes. 

The word fermentation was first applied to the change of sugar 
into alcohol and carbonic acid by means of yeast The evolution of 
carbonic acid causes frothing and bubbling , hence the term “ ferment- 
ation ” The agent, yeast, which produces this, was called the ferment 
Microscopic investigation shows that yeast is composed of minute 
rapidly-growing unicellular organisms belonging to the fungus group 
The souring of milk, the transformation of urea into ammonium 
carbonate in decomposing urine, and the formation of vinegar 
from alcohol are also brought about by organisms The complex 
changes known as putrefaction, which are produced by the various 
forms of bacteria (see fig 155), also come into the same category 
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That the change or fermentation is produced by these organisms 
is shown by the fact that it occurs only when the organisms are 
present, and stops when they are removed or killed by a high 
temperature or by antiseptics (carbolic acid, etc ) 

The discovery of the nature of fermentation by Pasteur eventually 
led to the discovery of the nature of infection by Lister and made 
modern surgery possible The transference of the bacteria or 
their spores from one person to another and their growth therein 
constitutes mfection 

All these micro-organisms require moisture m which to act 
They act best at a temperature of about 40° C Their activity is 
stopped, but the organisms are not destroyed, by cold The organisms 
are, however, like other living cells, killed by too great heat Some 


be e f 

' I ? 



Pig 156 —Types of micro organisms a, micrococci arranged singly , m twos, diplococci— if all the 
micrococci at a were grouped together m one plane, they would be called staphylococci, or m 
cubical masses, sarcmse , b, micrococci in chains, streptococci , c and d, bacilli of various’ kinds 
(one is represented with a flagellum) , e, various forms of spirilla , /, spores, either free or in bacilli 


micro-organisms act without free oxygen , these are called anaerobic , 
those that require oxygen are called aerobic 

Another well-known fact concerning micro-organisms is that the 
substances they produce in time put a stop to their activity , thus 
in yeast, the alcohol produced, and m bacteria acting on proteins, 
the phenol, cresol, etc, produced, first stop the growth of, and 
ultimately kill, these organisms 

For a long time it was uncertain how micro-organisms were able 
to effect these chemical transformations It is now, however 
definitely proved that they do so by producing agents of a chemical 
nature, which are called enzymes This was first demonstrated m 
connection with the mvertase of yeast cells, and with the enzyme 
secreted by the micrococcus urese, which converts urea into ammonium 
carbonate in putrefying urine For a long time, however, efforts 
to obtain from yeast cells an enzyme capable of bringing about the 
alcoholic fermentation were unsuccessful This is because the 
enzyme does not leave the yeast cells, but acts mtracellularly 
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Buchner, by crushing the yeast cells, succeeded in obtaining 
from them the long-sought enzyme {zymase), since then other 
enzymes have been obtamed from other micro-organisms by similar 
means 

Enzymes are also formed by the cells of the higher organisms, 
both m animal and vegetable life Familiar instances of these aie 
p tyahn, the starch-splitting enzyme of saliva, and pepsin, the 
protein-splitting enzyme of gastnc juice The substance upon 
which the enzyme acts is spoken of as the substoate 

We may, theiefoie, place these essential facts concerning enzyme 
action m the following tabular way — 


The living cell 

The enzyme 
produced 

The substrate 

The products of action 

The yeast cell 

Zymase 

Glucose 

Alcohol and carbon 
dioxide 

Dextnns and mal- 
tose 

The salivary cell 

Ptyalm 

Starch 

The gastric cell 

Pepsin 

Protein 

Proteoses and pep- 
tones 


The enzymes which brmg about the digestion of food m the 
alimentary canal may be classified as follows — 

Amylolytic or Amyloclastic — those which convert poly- 
saccharides (starch, glycogen) into sugar with intermediate dextnns 
Examples the diastase of vegetable seeds, and the ptyalm of 
saliva 

Disaccharases — those which convert disaccharides into mono- 
saccharides — eg Invertase of yeast cells, mvertase of intestinal 
juice, these convert sucrose into equal paits of glucose and fructose, 
maltase and lactase acting on maltose and lactose respectively 

Lipolytic or Lipoclastic — those which split fat into fatty 
acids and glycerol — eg lipase , is found m pancreatic juice 

Proteolytic or Proteoclastic — those which split pro terns into 
proteoses, peptones, polypeptides, and finally amino-acids Examples 
the pepsin of gastric, and the trypsin of pancreatic juice 

Peptolytic or Peptoclastic — those which split proteoses and 
peptones into polypeptides and ammo-acids, eg, the erepsm of 
intestinal juice 

The enzymes m the foregomg list produce hydrolysis, that is, 
water is added to the substrate, which then splits into simpler 
molecules, as for instance m the inversion of sucrose by invertase 

^ 12 ^ 22^11 ~ ^ 6 ^ 12^6 ^ 6 ^ 12^6 
[Sucrose ] [Water ] [Glucose ] [Fructose ] 
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But in addition to the digestive enzymes there are others to be 
mentioned, for instance — • 

Coagulative enzymes — those which convert soluble into 
msoluble proteins, the best example of this class is Rennet or 
renmn, found m the gastric juice, it converts the soluble casexno- 
genate of milk into casein This is the substance used by cooks to 
make curds and whey 

Oxidases — these aie not hydiolytic, but are oxygen carriers and 
produce oxidation they are mainly found as mti acellular enzymes, 
and aie important m tissue respiration 

Reductases — these are the counterpart of the oxidases, and 
produce reduction in the tissues 

Deaminases — these remove the ammo-group from ammo- 
compounds 

Intracellular or Autolytic Enzymes — These come into play 
during cell life, and are important in the metabolic or mtracellulai 
chemical changes which occur in protoplasm, they also may be 
subdivided into proteoclastic, peptoclastic, hpoclastic, etc, accord- 
ing to the substrate upon which they act After death then 
activity continues, and so they produce self-digestion 01 autolysis 
of the cells m which they are situated, if the tissue or organ 
is kept at an appropriate temperature and under aseptic con- 
ditions 

The foregomg list is not by any means complete, but includes 
the most important The individual enzymes will be studied m due 
course, but for the present we will take geneial considerations only 


Characteristics of Enzyme Action 

Zymogens — These are the parent substances or piecursors of the 
enzymes The granules seen m many secietmg cells consist veiy 
largely of zymogen, which m the act of secretion is converted into 
the active enzyme Thus, pepsm is formed from pepsinogen, trypsm 
from trypsmogen, and so forth 

Activation of Enzymes Co-enzymes — Many enzymes contained 
m secretions are m a condition ready for action In other cases 
this is not so, and their action occurs only after they have been 
rendeied energetic by the presence or action of other substances, 
termed activatmg agents or co-enzymes 

The Specificity of Enzyme Action — In most cases the action of 
an enzyme is extraordinarily limited, thus theie are three separate 
enzymes to hydrolyse the three principal disaccharides, sucrose, 
lactose, and maltose, neither of which will act upon either of the 
other two sugars m the list Argmase splits argmme into ornithine 
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and uiea, but will act upon no other substance The “lock and 
key ” simile first introduced by Emil Eischer will aid us m undei- 
standmg this specificity of action Each lock must have its special 
key so the chemical configuration of an enzyme must be related 
m some way to the configuration of the substrate to enable it to 
enter and unlock its parts from one another 

The Inexhaustibility of Enzymes — A small amount of enzyme 
will act on an unlimited amount of substrate, provided sufficient 
time is given, and provided also the products of action are removed 
The enzyme appears to take a share m mtermediate reactions, and 
there is some evidence that m certain stages it combines with the 
substrate, but subsequently when the substrate breaks up into 
simpler materials, the enzyme is liberated unchanged, and so ready 
to act similarly on a fresh amount of substrate 

The simpler logarithmic law of enzyme action has been demon- 
strated for the majority of enzymes (mvertase, trypsm, erepsm, 
lipase, etc) The effect m a given time is pioportional to the 
quantity of enzyme present (See more fully Eeaction Velocity, 
p 335) 

The Optimum Temperature of Enzyme Action — As the tempera- 
ture rises the velocity of the action increases, until a temperature 
is reached at which the activity is greatest Most enzymes act 
best at 40° C , but there are exceptions , malt diastase, for instance, 
acts best at 60° C Beyond the optimum temperature a further rise 
inhibits activity, until a temperature is reached when the enzyme 
is destroyed The fatal temperature as a rule is in the neighbour- 
hood of 50° C 

This statement, however, requires some modification, as whether 
oi not an enzyme is destroyed by a given temperature depends on 
the reaction of the medium in which it is It is possible to boil 
trypsm in an acid medium (Mellanby) m which, however, it is 
inactive, but it is leadily destroyed in an alkaline medium 

The effect of a rise of temperature is complex, and is of a 
twofold nature In the first place, and between certain limits, 
the law of Arrhenius is followed, that is, a rise of 10° doubles or 
even trebles the velocity of the action of the enzyme, as it does 
other chemical leactions But as the temperature rises the velocity 
of disintegration of the enzyme also rises The optimum tempera- 
ture is that at which the enzyme woik is best done, this is a 
temperature at which the acceleratmg effect is at its maximum, and 
the retarding effect due to enzyme destruction is not so great as to 
neutralise the acceleratmg effect 

Optimum Reaction of Enzyme Activity — Some enzymes act best 
m an acid, others in an alkaline medium Eor each there is an 
optimum hydrogen-ion concentration 
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Reversibility of Enzyme Action — On p 335 we have considered 
the general laws of molecular reactions The majority of enzyme 
reactions are unimolecular, 01 reactions of the first order , that is to 
say, one substance only, the substrate, undergoes transfoimation , 
the other substance, the enzyme, does not alter m concentration 
The law followed m such reactions is therefore the simple logarithmic 
law But m these transformations we meet with the peculiarity 
that the reaction is not quite complete A certain quantity of the 
substrate never disappears Thus a small amount of sucrose remains 
unchanged whether the hydrolysis is brought about by the action 
of an acid or of an enzyme This phenomenon is due to the fact 
that two reactions are always taking place m opposite directions 
Simultaneously with the splitting up, the synthetic reaction begins, 
and synthesis or building up increases m proportion as the splitting 
of the compound advances The velocity of the splitting process 
decreases at the same rate as the velocity of the synthetic process 
increases At a certain point, both have the same velocity, and 
therefore no further change occurs in the mixture when this condition 
of equilibrium is reached This rule is expressed by writing the 
chemical equation connected by a double arrow instead of the sign 
of equation Two examples follow — 

c 2 h 6 oh + ch 3 cooh — -> c 2 h 6 coo ch 8 + h 2 o 

[Ethyl alcohol] [Acetic acid ] [Ethyl acetate ] [Water ] 

c 6 h 12 o 6 + c 6 h 12 o 6 +± c 12 h 22 o u + h 2 o 

[Glucose ] [Fructose ] [Sucrose ] [Water ] 

This phenomenon is termed “ reversibility, 33 and was first demon- 
strated by Croft Hill m his experiments with suciose and mveitase 

In intracellulai action this is a factor of importance, for the 
same enzyme in the presence of diffeient proportions of the substrate 
and its cleavage products can both build up and break down the 
same substance 

It should further be noted that hydrolytic actions are isothermic , 
that is, the total energy of the products is equal to that of the 
substance broken up 

Anti-enzymes — Many chemical substances, such as strong acids 
and alkalis, alcohol, formaldehyde, lodme, potassium cyanide, and 
salts of the heavy metals, hinder enzyme activity But the teim 
anti-enzyme is generally hunted to substances produced m the 
metabolism of living organisms Excess of these organic anti- 
enzymes can be readily produced by injecting an enzyme into the 
blood-stream of an animal This stimulates the production of an 
anti-enzyme, so that when the blood-serum is mixed with the original 
enzyme, its power is inhibited Anti-enzymes are specific, that is, 
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they inhibit the enzyme which was injected into the blood, and no 
other 

Nature of Enzyme Action — The analogy of enzyme action is, 
m fact, so close to that of inorganic catalysts, that the view at 
present current regarding it is that the action is a catalytic one 
That is to 3ay, the presence of the enzyme induces a chemical 
reaction to occur rapidly, which m its absence also occurs, but so 
slowly that any action at all is difficult to discover To use the 
technical phiase, its action is to increase the velocity of chemical 
reactions It is, for instance, quite conceivable that, if starch and 
water are mixed together, the starch will in time take up the 
water and split into its constituent molecules of sugar But an 
action of this kind would be so slow, occupying pei chance many 
years, that for practical purposes it does not take place at all If 
an inorganic catalyst is added, such as sulphuric acid, and the 
temperature raised to boiling-point, the action takes place m a few 
minutes, if an organic catalyst, such as the enzyme ptyalin, is 
added, the velocity of the change is even greater , but, what is of 
more importance for the well-being of the animal, a moderate 
temperature, namely that of the body, amply suffices The oigamc 
catalysts or enzymes are, however, colloidal m nature (possibly pro- 
tein) , and this explams their destructibility by high temperatures 

Various theories have been brought foiward to account for this 
catalytic action but a detailed study of the reactions, especially of 
then velocity, suggests that the enzymes form adsorption compounds 
with the substances they act upon and that somehow this facilitates 
the final reaction It may be that by being colloids the enzymes 
somehow assist the substrate to present a very large surface on 
which become adsorbed the reacting agents 

The methods of studying the activity of enzymes are dealt 
with m relation to the digestive enzymes on p 471 
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CHAPTER XXII 


THE BLOOD 

The bloocl is the fluid medium by means of which all the tissues of 
the body are directly or indirectly nourished, by means of it also 
such of the materials resulting fiom the metabohsm of the tissues 
which are of no fuither use are carried to the excretory oigans It 
is a somewhat viscid fluid, and m man and m all othei veitebiate 
animals, with the exception of two,* is red m colour It consists of 
a yellowish fluid, called plasma or liquor sanguinis, m which are 
suspended numeious blood-corpuscles, the majority of which are 
coloured, and it is to their presence that the red colour of the 
blood is due 

Even when examined in very thm layers, blood is opaque, on 
account of the different refractive powers possessed by its two 
constituents, the plasma and the corpuscles On treatment with 
ether, water, and othei reagents, however, it becomes transparent and 
assumes a lake colour, m consequence of the colouring matter of the 
corpuscles having been discharged into the plasma The average 
specific gravity of blood at 15° C (60° E) varies from 1055 to 1062 
A rapid and useful method of estimating the specific gravity of blood 
was invented by Roy Drops of blood are taken and allowed to fall 
into fluids of known specific gravity When the drop neither rises 
nor sinks m the fluid it is taken to be of the same specific gravity 
as that of the standard fluid In Hammerschlag’s method the drop 
is placed m a mixture of chloroform and benzene , more chloroform 
or benzene is added until the drop neither falls nor sinks, i e until 
the mixture has the same specific gravity as the blood , the specific 
gravity of the mixture is then taken The taste is saltish Its 
temperature varies shghtly, the average being 37 8° C (100° E) The 
blood-stream is warmed by passmg through the muscles and glands, 
but it is somewhat cooled on traversing the capillaries of the skin 
Recently-drawn blood has a distmct odour, which m many cases is 
chaiactenstic of the animal from which it has been taken , it may 
be further developed by adchng to blood a mixture of equal parts of 
sulphuric acid and water The reaction of the blood is faintly 
alkaline and is dealt with in a later chapter 

* The amphtoxus and the leptocephalus 
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Quantity of the Blood — The quantity of blood m an animal 
may be estimated m the following manner — -A small quantity 
of blood is taken from an animal by venesection, it is defibrinated 
and measured, and used to make standard solutions of blood The 
animal is then rapidly bled to death, and the blood which escapes is 
collected and defibrinated by whipping The blood-vessels are next 
washed out with saline solution until the washings are no longer 
coloured, and these are added to the previously withdrawn blood, 
lastly, the whole animal is finely minced with saline solution The 
fluid obtained fiom the mincings is carefully filtered and added to 
the diluted blood previously obtained, and the whole is measured 
The next step in the piocess is the comparison of the colour of the 
diluted blood with that of standard solutions of blood and watei 
of a known strength, until it is discovered to what standard solution 
the diluted blood corresponds As the amount of blood m the 
corresponding standard solution is known, as well as the total 
quantity of diluted blood obtamed from the animal, it is easy to 
calculate the absolute amount of blood which the latter contained, 
and to this is added the small amount which was withdrawn to 
make the standard solutions This gives the total amount of blood 
which the animal contained The result of experiments performed 
in this way showed that the quantity of blood in various animals 
differs a good deal, but m the dog averages X V to of the total 
body-weight In smallei animals the proportionate blood volume 
is greater 

In a few instances this method has been applied to decapitated 
criminals , m one such case (Schwann and E Weber) the blood 
was £ of the body-weight, and m another (Bischoff) the fraction 
was -fa, that is, appioximately the same as m dogs In the first 
case the large volume of blood was possibly due to disease Eor 
the estimation of blood volume in man during life it is evident that 
othei methods are necessary These 'methods consist m adding a 
known amount of an easily recognisable substance to the circulating 
blood, and after thorough admixture a small known quantity of 
blood is withdrawn, and the substance estimated m it Then by 
calculation, the total quantity of blood capable of holding ail the 
foreign matter introduced is calculated Haldane and Lorrain 
Smith used carbon monoxide for this purpose, and estimated its 
compound with haemoglobin by a coloi metric method In the 
normal body their aveiage figure that the blood is only of the 
body-weight is much lower than is the case m the dog and m 
the criminals just mentioned In an average man the amount is 
then about 5 litres, but this may be increased as m anaemia or 
at high altitudes The method, however, is one which involves 
colour judgment, and therefore is one in which error may easily 
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aiise A small eiroi m a few diops of blood may become a bm 
one when reckoned for the whole blood A moie lecent method 
is that of de Cnms, who injects mto the blood-stream a known 
amount of salt solution By estimating the seium piotems m 
samples collected before and after the injection, the total blood 
volume is calculated by a simple formula, and the mean result 
indicates that it is y-g- of the body-weight Some observers have 
used “ vital-red,” a dye which is not poisonous, and stains only 
the plasma, after centrifuging, the depth of staining is estimated 
colonmetncally 


Coagulation of the Blood 

Blood possesses two remarkable properties It lemains fluid in 
the blood-vessels throughout hfe, but rapidly becomes solid when 
shed Both qualities are essential foi the preservation of hfe The 
maintenance of fluidity is necessary for the circulation of the blood, 
whilst the solidification of the shed blood provides an indispensable 
defence against excessive bleeding from wounds 

The coagulation of the blood is due to the formation of a jelly 
by the deposition of protein material called fibrin, and it is the 
formation of this body that is the fundamental change in blood 
clotting When a film of almost freshly shed blood is exammed 
under the microscope, a network of gelatinous threads or filaments 
of fibrin is seen, many of the threads radiating from clumps of 
disintegrating blood-platelets Entangled m this mesh are both 
erythrocytes and leucocytes, the preponderance of the former 
corpuscles giving a clot of blood its characteristic red colour 
The ultramicroscope reveals how the threads are built up t Mmute 
granules first appear These coalesce, forming needles resembling 
crystals which join up end to end and form the threads mentioned 
above Soon, however, the whole mass contracts, its intimate 
structure becomes indistinguishable, and a straw -colouied hquid 
called serum is squeezed out of the clot Blood plasma which has 
been deprived of leucocytes and erythrocytes clots as readily as 
whole blood The presence of these corpuscles is, theiefore, not 
necessary for blood coagulation, although their debris contains 
substances which may participate in clotting 

The role of platelets m blood clotting has been the subject of 
controversy Some writers have thought that they are essential for 
coagulation, others have denied their importance Recent researches 
indicate, however, that the platelets are normally important partici- 
pants m blood clotting, but they are not always essential for that 
process The removal of blood-platelets from the shed blood of 
fasting animals by passing it through a clay filter may completely 
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suppiess (he capacity of the plasma to clot spontaneously at room 
temperatures, but clotting may occur after prolonged shaking or 
when the plasma is kept for seveial days at 38° C m sterile tubes 
The addition of disintegrating platelets, or extracts of them, to 
deplateletised plasma rapidly produces coagulation, the speed of 
clotting being proportional to the amount of material added Blood 
shed during the height of digestion behaves differently It clots 
as rapidly as whole blood after the complete removal of the 
platelets 

Moreover, all the substances requisite for blood clotting can be 
exti acted from plasma which has been deprived of all its corpuscles 
It appears, then, that the plasma contains all the participants m 
blood clotting, but m fastmg animals, and possibly when digestion 
is neaily inactive, the presence of platelets is necessary for a speed 
of coagulation sufficiently rapid for the provision of a defence agamst 
loss of blood 

Many factors modify the coagulability of the blood The most 
favourable temperature for its clottmg is close to that of the body 
This quality facilitates the arrest of internal hsemoirhage by blood 
coagulation Coagulation is inaugurated or hastened by — 

(1) Contact of the blood with any surface which it wets 

(2) Agitation, which brings such contact more rapidly into 

play For example, the whipping of blood with a bundle 
of twigs is commonly used in obtaining fibrin from blood 
But the stirring of blood with an oiled rod (which is not 
wetted by blood) may not hasten coagulation 

(3) Fresh seium and blood clots contain a very active coagulant 

called thrombin or thrombase, which rapidly provokes 
clottmg in shed blood, but large quantities of thrombin 
can be introduced into the circulation without causing 
mtravascular clottmg 

(4) The rapid mtravascular injection of most tissue extracts 

produces clottmg m the blood-vessels, but the slow injection 
of such bodies or the injection of minute quantities of them 
suppresses the clottmg of blood — (the “ negative phase ” of 
coagulation) 

The coagulation of shed blood is retarded by — 

(1) Complete contact with bodies not wetted by blood 

(2) Cooling the blood m a vessel surrounded by ice , the blood 

remains fluid for two hours or longer 

(3) Dilution with gieat excess of water (20 to 40 volumes) 

(4) The addition of appiopnate amounts of salts, such as sodium 

sulphate, magnesium sulphate, or sodium bicarbonate 
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(5) The addition of soluble oxalate, citrate 01 fluonde 

(6) The addition of vanous anticoagulants, such as leech extract , 

various pioducts of autolysis, called antitlnombins because 
they neutralise the coagulant action of thiombm, a sub- 
stance extracted fiom the livei named heparm, which 
lestiams the formation of thiombm, and relatively large 
amounts of commercial peptone 

It is easy to enumerate agencies which alter the coagulability of 
the blood, but a complete explanation of their action awaits the full 
understanding of the maintenance of the fluidity of circulating blood 
and its clotting when shed Many diffeient mteipietations of the 
latter phenomena have been offered, some of which aie almost 
irreconcilable one with anothei But ceitam conclusions aie almost 
generally accepted 

(1) A precursor of fibrin (fibrinogen) exists m circulating 

blood 

(2) Thrombm oi thrombase does not normally exist in circulating 

blood, but is soon formed whenevei the blood is shed upon 
any surface which it wets 

(3) Calcium ions are essential foi the formation of thrombm 

(4) Thrombm causes fibrinogen to foim fibrin and so forms blood 

clots 

The chief subjects of controversy are — 

(1) The nature of the factors which preserve the fluidity of the 

blood %n mm 

(2) The mode of foimation of thrombm and its manner of action 

on fibrinogen 

Howell believes that the mother substance of thrombm (pio- 
thiombm) exists m plasma, but is kept inactive by an anticoagulant 
called heparin, formed m the liver When blood is shed, both 
platelets and damaged tissues liberate a compound of cephalm 
which neutralises the heparm and permits the activation of 
prothrombin by calcium ions alone, without the intervention of 
any other body Thrombm is so formed, and by union with 
fibimogen forms fibrin There is no doubt that the fluidity of 
normal blood is due to conditions which are unfavourable to the 
production of thrombm, but there are difficulties in the acceptance 
of Howell's teaching For example, the intravascular injection of 
heparm, although it first produces incoagulable blood, is followed 
by an increase m the coagulability of the blood 

Pickering considers that fibrinogen and prothrombin (or pro- 
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thiombase) are united with the moie stable fi actions of blood 
plasma (serum globulin and albumin) and are thus shielded from 
the disruptive action of calcium ions which is essential for the 
inception of blood clotting The complex of plasma colloids 
possesses only a limited capacit} ±01 resistance It breaks down 
immediately the blood is shed upon any surface which it wets * 
As soon as the fibrinogen and prothrombin are set free the changes 
that result in clotting commence Immediately aftei wards, blood- 
platelets rapidly disintegrate and m normal wounding, tissue juices 
invade the stream of escaping blood The products so liberated, 
with the help of calcium ions, unite with prothrombin giving 
thiombm, which m turn unites with fibrinogen giving fibrin The 
plasma then changes from a sol to a gel, the initial steps m this 
change bemg the formation of filaments of fibrin m the manner 
already described In addition, coagula closely resembling fibrin 
are formed by the direct union of fibrinogen and tissue juices, and 
it is probable that this mode of coagulation proceeds simultaneously 
with the clottmg of fibrinogen by thrombin, although Mills maintains 
that this mode of clottmg occurs before the formation of thrombin 
when blood is m contact with damaged tissues Under artificial 
conditions, blood plasma can be altered from a sol to a gel by 
prolonged shaking without the intervention of the debris of platelets 
or tissue juices, and certain micro-oiganisms possess the powei of 
clotting blood without the production of thrombin The reactions 
of shed blood after contact with wetted surfaces may for convenience 
be summarised thus 


Prothromb/ + Calcium 
^ase 

+ tissue juices and platelet debris 




Thromb/ + 
^ase 


Fibrinogen 


i 

i 

Fibrin 


The recent woik of Mellanby has indicated that thiombase is 
really an enzyme and has a precursor, prothrombase, which like some 
othei enzymes is activated by calcium Prothrombase can withstand 
a temperature of 100° C for five minutes 

* If a large blood-vessel such as the aorta from a recently killed animal is cut 
open it may be demonstrated that its internal surface is not wetted by blood 
or water 
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The Plasma and Serum 

When shed blood is kept fluid aitificially by any one of the 
methods mentioned on p 350, the coipuscles giadualiy sink and 
the plasma can be removed by either a pipette or a syphon The 
separation of plasma and coipuscles is moie rapidly effected by 
using a centrifugal machine A plasma, uncontaminated by anti- 
coagulants, can be obtained by centnfugmg blood at the temperatuie 
of an ice-chest, but this plasma contams some platelets To remove 
the lattei bodies, it is necessary to flltei the plasma thiough a clay 
cell, but some of the piotems of plasma aie then removed 

A relatively pure plasma may be obtamed from hoise’s veins 
by what is known as the “living test-tube” experiment If the 
jugular vein is ligatured m two places so as to include a quantity 
of blood m it, then lemoved and hung m a cool place, the blood 
does not clot for several horns The corpuscles settle and plasma 
can be removed In addition to disintegrating blood platelets, it 
usually contains, however, both minute clots and thrombin, and thus 
differs from the plasma of ciiculatmg blood Puie and unaltered 
plasma has not yet been obtained outside the body, but the material 
available by the methods descubed gives a fail indication of the 
properties of that fluid 

Pericardial and hydrocele fluids closely resemble the plasma m 
composition Usually, they contain few or no corpuscles, and are 
more stable than plasma As a rule, they do not clot spontaneously, 
but coagulate on the addition of thiombm 

The plasma is alkaline, yellowish m tint, and its specific gravity 
is about 1026 to 1029 1000 parts of plasma contam — 

Water 902 90 

Solids 


Proteins 1 yield of fibrin 

4 05 

2 other proteins 

78 84 

Extractives (including fat) 

5 66 

Inorganic salts 

8 55 


In round numbers, plasma contains 10 per cent of sohds, of which 
8 are protein m natuie 

The gases of plasma and serum are small quantities of oxygen, 
nitrogen, and carbonic acid The greater part of the oxygen of 
the blood is combined m the red blood - corpuscles with haemo- 
globin , the carbonic acid is largely combmed as bicarbonates The 
gases of the blood have already been consideied under Eespnation 

We may now study one by one the various constituents of the 
plasma and serum 

A Proteins — Fractions of protein possessmg different properties 
can be obtained from plasma by mixing it with different concen- 
trations of neutral salts, those commonly used being ammonium 

M 
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sulphate, sodium chloride, and magnesium sulphate The table on 
this page gives an approximate idea of the limits of precipitability by 
these salts 

It should not, however, be assumed that these fractions of 
protein exist m a free condition in the plasma On the contrary 
recent researches indicate that the fractions of protein obtained 
b_y the salting of plasma, particularly those called globulins, are 
not distinct chemical units, but parts of a larger complex that is 
knit together m the plasma and behaves as a coherent whole The 
fractions possess, however, distinct properties (S0rensen, Pickering) 


Table illustrating the precipitability of the principal fractions of protein 
which are obtainable from blood plasma that has been Jcept fluid by 
the addition of sodium oxalate 


Preeipitants 

Fibrinogen 

Euglobulm 

Pseudoglobulin 

Albumin 

NaCl 

Precipitated at 
nearly half sat- 
uration 

Precipitated on 
saturation 



(NH 4 ) 2 , so 4 

1 

: 

Precipitated on 
the addition of 
15 to 27 per 
cent of a satu- 
rated solution 

Precipitated on 
the addition of 
28 to 38 per 
cent of a satu- 
rated solution 

Precipitated on 
the addition of 
36 to 44 per 
cent of a satu- 
rated solution 

Piecipitated 
on satura- 
tion 

MgS0 4 

Precipitated at 
nearly half sat- 
uration 

Precipitated on 
saturation 

Precipitated on 
saturation 



Fibrinogen — Fibrinogen exhibits the general characteristics of 
globulin with one important difference It is clotted by thrombin 
and is thus distinguished from all other fractions of plasma protein 
It is coagulated m mtro at 56° 0 It is so firmly bound to pro- 
thrombin that it can be sepaiated from that body only by coagulation 
of fibrinogen or by prolonged adsorption Fibrinogen of the blood 
is probably combined with calcium and sodium When freed from 
salts, it is incoagulable by heat (de Waele) 

Serum is the residue of plasma left aftei the removal of 
fibrinogen as fibrin by coagulating the blood Its proteins can be 
separated into serum globulin and albumin by salt precipitation , the 
globulin consists of euglobulm and pseudoglobulin The albumin 
can also be broken into different fractions by heat coagulation In 
all the vertebrates, except some fishes, e g the eel, three fractions are 
obtamed by heatmg serum to 73°, 78° and 85° C The globulins 
and albumin obtained from serum exhibit the general properties 
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mentioned on p 309, whilst a complex of albumin and globulin 
possibly participates in immune reactions 

Prothrombin is probably a globulm and as alieady mentioned 
is bound to fibrinogen When plasma clots it foims thiombm 
Prothrombin also forms thiombm when whole blood 01 serum 
is treated with an excess of alcohoL The residue left aftei the 
evaporation of the alcohol is soluble in water and possesses the 
properties of the thrombin obtainable from blood clots The 
prolonged dialysis of prothrombm also yields thiombm 

B Extractives — These are non-mtrogenous and nitrogenous 
The non-mtrogenous are fats, soaps, cholesteiol, and sugai , the mtio- 
genous are urea (0 02 to 0 04 per cent ), and still smaller quantities of 
uric acid, creatine, creatinine, xanthine, hypoxanthme and ammo-acids 
C Salts — The most abundant salt is sodium chlonde , it con- 
stitutes between 60 and 90 per cent of the total mineral matter 
Potassium chloride is present m much smaller amount It consti- 
tutes about 4 per cent of the total ash The othei salts are 
phosphates and sulphates 

Schmidt gives the following table — 

1000 parts of plasma yield — 


Mineral matter 

8 550 

Chlorine 

3 640 

SO, 

0 115 

RA 

0 191 

Potassium 

0 323 

Sodium 

3 341 

Calcium phosphate 

0 311 

Magnesium phosphate 

0 222 


The Blood- Corpuscles 

Red or Coloured Corpuscles — Human red blood-corpuscles are 
circular biconcave discs with rounded edges, y 0 Yo mc ^ m diameter 
(8 8 jul on the average) and about a quarter of that m thickness 
When viewed smgly they appear of a pale yellowish tinge, the 
deep red colour which they give to the blood is observable m them 
only when they are seen en masse 

Each red corpuscle is composed of a colourless envelope enclosing 
a semi-liquid material of which by far the most abundant constituent 
is haemoglobin, the enclosmg membrane is important especially m 
processes of osmosis such as occur when water oi salt solutions are 
added to the corpuscles, and its presence can be clearly distinguished 
microscopically m the large corpuscles of amphibia The corpuscles 
are perfectly elastic so that as they circulate they admit of change of 
form, and recover their natural shape as soon as they escape from 
compression 

The red coipuscles of other mammals are generally very nearly 
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the size of human red corpuscles They are smallest m the deer 
tribe and largest in the elephant In the camehdse they are 
biconvex In all mammals the corpuscles aie non-nucleated, and 
in all other vertebrates (birds, reptiles, amphibia, and fishes) the 
corpuscles are oval, biconvex, and nucleated (fig 157), and larger 
than m mammals They are laigest of all m certain amphibians 
( [amphiuma , p oteus ) 



Fig 156 —Red corpuscles in. rouleaux The 
white corpuscles are uncoloured 


Fig 167 — Corpuscles of the frog The 
central mass consists of nucleated 
coloured corpuscles The other cor 
puscles are two varieties of the 
colourless form 


A property of the red corpuscles, which is exaggerated m inflam- 
matory blood, is a tendency to adhere together m rolls oi columns 
(rouleaux), like piles of coins These rolls quickly fasten together 
by their ends, and cluster , so that, when the blood is spiead out thinly 
on a glass they form an irregular network (fig 156) 

Action of Reagents — Considerable light has been thrown on the physical and 
chemical constitution of red blood-cells by studying the effects produced by 
mechanical means and by various reagents 

Haemolysis — When water is added gradually to frog’s blood, the oval disc- 
shaped corpuscles become spherical, and gradually discharge their haemoglobin, a 
pale, transparent envelope being left behind human red blood-cells 
^ 4 k swell, change from a discoidal to a spheroidal form, burst and 
discharge their pigment, becoming quite transparent and all but 
^ invisible This breaking up of the corpuscles is known as 
, haemolysis and is due to the osmotic action of the corpuscles 
of hypertonic which take up water Bile salts, saponin, and certain snake 
saline solution venoms also destroy the red blood-corpuscles by acting on the 
(crenation) envelopes Haemolysis is also brought about by heemolysms which 
are produced m the blood of an animal A, if the serum or blood of 
another animal B (which it does not normally hasmolyse) is injected into it (A) 
The subsequent injection of the blood of B (e g corpuscles of rabbit) into A (e g 
guinea-pig) results m a rapid destruction of corpuscles B 

Physiological sahne solution causes no effect on the red corpuscles beyond 
preventing them running into rouleaux If a stronger salt solution is used, the 
corpuscles shrink and become crenated (fig 158), owing to osmosis of water 
outwards 
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Dilute acetic acid causes the nucleus of the red blood-cells m the frog to 
become more clearly defined, if the action is prolonged, the nucleus becomes 
strongly granulated, and all the colourmg matter seems to be concentrated in it, 
the surrounding cell-substance and outline of the cell becoming almost invisible , 
after a time the cells lose their colour altogether A similar loss of colour occurs m 
the red corpuscles of human blood, which, however, from the absence of nuclei, 
seem to disappear entirely 

The Number of the Red Blood-Corpuscles * — The aveiage 
numbei of red coipuscles is about 5,000,000 per cubic millimetre of 
blood m men and about 4,500,000 in w omen These numbeis, howevei 
aie subject to consideiable vanation An mciease occuis whenever 
the individual is subjected to conditions of oxygen- want, such as life 
at a high altitude oi m diseases m which the cn dilation is slowed 
In such cncumstances the bone-manow (see below) becomes veiy active 
A fall m the number of red coipuscles occuis when there is an 
abnoimal destruction of corpuscles m disease oi inadequate production 

The Haemoglobin Content of the Blood — Tiom what has 
been said in i elation to Respiration it is evident that the amount of 
haemoglobin m the blood is of consideiable importance Like the 
number of corpuscles, it vanes veiy much accoiding to the efficiency 
of the circulation and the quality of the air breathed In man the 
haemoglobin content may be thiee times the usual amount if the 
circulation is very inefficient The content is expiessed as a pei- 
centage of an average blood which is capable of carrying 18 5 c c * of 
oxygen per cent ( %e a blood which contains 14 per cent* 
haemoglobin) An average blood contams therefore “ 100 pel cent 
haemoglobin ” This estimation gives a lough idea of the oxygen- 
canymg power of the blood Rrom the enumeration of coipuscles 
and the haemoglobin estimation the colour index, or amount of 
haemoglobin per corpuscle, may be determined Thus, if theie is 
100 per cent 5,000,000 red blood-corpuscles and 100 pei cent 
haemoglobin the coloui index is sard to be 1 , if the haemoglobin ometei 
gives only 50 per cent each coipuscle contams only half the amount 
of haemoglobin, % e the colour mdex is 0 5 

Methods 

Enumeration of the Red Blood-Corpuscles 

Several methods are employed for counting the blood-corpuscles most of them 
depend upon the same principle, t e , the dilution of a minute volume of blood with 
a given volume of a saline solution similar m osmotic concentration to blood-plasma, 
so that the size and shape of the corpuscles is altered as little as possible A 
minute quantity of the well-mixed solution is then taken, examined under the 
microscope in a cell of known capacity, and the number of corpuscles m a given 
area of the cell is counted Having ascertained the number of corpuscles in the 
diluted blood, it n easy to calculate the number m a given volume of normal blood 


* Many bloods, especially those of apparently healthy Americans, are richer in 
corpuscles and oxgen-carrymg power Many city dwellers have much poorer 
bloods. 
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The apparatus most frequently used at the present time is known as the 
Thoma-Zeiss haemacytometer It consists of a carefully graduated pipette, m 
which the dilution of the blood is done, this is so formed that the capillary 
stem has a capacity equalling one-hundredth of the bulb above it If the 
blood is drawn up in the capillary tube to the line marked 0 5 (fig 159) the 
saline solution may afterwards be drawn up the stem to the line 101 This 
gives a dilution of 1-200 as the last 1 does not mix The blood and the 
saline solution are well mixed by shaking the pipette 
The other part of the instrument consists of a glass slide 
(fig 160) upon which is mounted a covered disc, m , accur- 
ately ruled so as to present one square millimetre divided 
into 400 squares of one-twentieth of a millimetre each The 
micrometer thus made is surrounded fey another annular cell, c , 
which has such a height as to make the cell project exactly 
one-tenth millimetre beyond m If a drop of the diluted 
blood is placed upon m, and c is covered with a perfectly flat 
cover-glass, the volume of the diluted blood above each of the 
squares of the micrometer, i e above each will be ^Yo 
of a cubic millimetre Five large squares (u 5 x 16 small) 
are counted and the average per small square taken by 
dividing by 80 This number multiplied by 4000 and again 


Pig 160 

by 200 to allow for the dilution gives the number of 
corpuscles in a cubic millimetre of undiluted blood, i e 

r ~ , x 4000 x 200 

where x = the number m five large squares, ^ x 

80 1 

In actual practice it will be noticed that no arithmetic is 
necessary, 0000 simply being added to the number found in 
the five large squares 

Enumeration of the White Blood-Corpuscles 

Fig 159 —The pipette The enumeration of the colourless corpuscles depends on 
hsemacytomSer 6 for same principle, but the counting has to be carried out 
ied blood corpuscles over the whole square millimetre The blood is diluted 

(1-20) m a similar special pipette with dilute acetic acid to 
haemolyse the red blood-corpuscles and a stain is usually added Since the 
dilution is 1-20 and the cubic capacity of the area counted ^ of a cubic millimetre, 
multiplication of the number counted by 200 gives the number of white corpuscles 
in the whole cubic millimetre 

Differential Count — The differentiation of the varieties of colourless corpuscles 
(which is most importanf from the standpoint of disease) can be accomplished after 
the appropriate staining of blood-films Five hundred white blood-corpuscles are 
counted and the percentage of each variety calculated 

Estimation of Hemoglobin 

A haemoglobinometer consists of two tubes, one of which contains 20 cub mm 
of normal ox blood laked and diluted to a standard amount, 100 A little distilled 
water is placed m the other tube, which is graduated, and 20 cub mm of the blood 
(measured in a pipette) being estimated is added This is diluted with distilled 
water till the colours are alike and the dilution is read off If, for example, the 
colours are alike when the dilution has only been 50 (instead of the normal 100), 
the blood contains only 50 per cent of the normal haemoglobin In practice, the 
standard used is a carmine ielly of the same tint as normal blood (Gowers), but 
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since this is liable to fade, normal blood the hsemoglobm of which is converted 

into carboxy-h*moglob.n is used (Haldane), but in this instance carbon monoxide 

(coal gas) must be bubbled through the diluted blood under investigation 

Origin of the Red Corpuscles —Sm rounding the eaily embryo 
is a cucular area, called the vascular area, in which the first rudi- 
ments of the blood-vessels and blood-corpuscles are developed Here 
the nucleated embryonic cells of the mesodeim, ^ f i orn whic 
blood-vessels and corpuscles aie to be foimed, send out processes m 
various directions, and these, joining together, form an ““6^ 
meshwoik The nuclei increase m number, and collect chiefiy in tne 



Fig 161 — Hsemoglobinoineter of Gowers 


largei masses of protoplasm, but partly also m the processes These 
nuclei gather around them a certain amount of the protoplasm, and 
becoming coloured, foim the red blood-coipuscles (fig 162) The 
protoplasm of the cells and the branched network m which these 
corpuscles he then become hollowed out into a sys )em of canals 
enclosing fluid, m which the red nucleated corpuscles float The 
P , n sl. j fn of an incJa (10x4 


«■? — — , , 1 

oornuscles at first are from about} - 2 5 on w " "T / 

to 16 ft) m diameter, mostly spherical, and with gianular contents, 

and a well-marked nucleus , _ ^ , « 

The corpuscles then strongly resemble the white corpuscles of 
the fully developed blood, but are coloured They are capable of 
amoeboid movement and multiply by division 

These coloured nucleated cells begin very early m total life to 
he ming led with coloured ^-nucleated corpuscles resembling those 
of S adult, and at about the fourth or fifth month of embryonic 
existence are completely replaced by them 


of an inch (10 jul 
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These coloured discs are partly formed m connective-tissue 
cells m a way similar to that just described, only without the 
participation of the nuclei in the process, although there is very 
little doubt that haemoglobin originates from the haematogen (non- 
contammg nuclein) of the nuclei m all cases The foetal liver, 
spleen, and thymus are also believed to be seats of formation of 
the red blood-corpuscles 

It is necessary that the red corpuscles should be constantly 
replenished throughout life But after the foetal stage is passed, 
they originate, not from connective tissues in general, but m 
one special form of connective tissue, namely, the red marrow of 
bones It is possible that m some animals the spleen, which 



Fig 162 —Part of the network of developing blood-vessels m the vascular area of a guinea pig hi 
Blood corpuscles becoming free m an enlarged and hollowed out part of the network , a, process of 
protoplasm (E S Schafer) 

contains cells veiy similar to those of the marrow, may participate 
in their formation In the red marrow, they arise from immature 
nucleated cells (normoblasts or erythrollasts , fig 163), the nucleus is 
not discharged, but is absorbed within the cell, and tins is the explana- 
tion that some observers give of the biconcave form of the red disc 
Sometimes immature nucleated red cells may make their way from 
the marrow into the cnculation, and the free nuclei of these cells 
are sometimes found in the blood , they never, when once they have 
entered the blood, develop into discs, and are filtered out of the 
blood by the spleen 

The Fate of the Red Blood-Corpuscles — The fact that the 
pigments of bile and of blood are chemically related has long 
suggested that the former aie derived from the latter, and other 
evidence has indicated that the red blood-corpuscles have, like all 
other cells of the body, a tolerably definite term of existence, 
estimated at about thirty or forty days, after which they die and 
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are replaced For example, there is evidence that blood is constantly 
being formed, and red cells in the process of breaking down have 
been observed m organs such as the spleen In diseases mvolvmg 
blood destruction the presence of the 11 on-con taming pigment 
hsemosiderm which accumulates m the liver and spleen is leadily 
demonstrable by the Prussian blue reaction 

The broken-down red blood-coipuscles are taken up by the 
7 efaculo-endothehal systein 
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Fig 1G3 —Red marrow of young ratb ,f r 1 ^ meters 

(From Sharpey Schafer s t ; 

e, erythrocytes , d, erythroblasts , e a coloured cell undeigomg mitotic division , l, a polymoipho 
nucleai leucocyte, m, ordinary myelocytes, m', myelocytes undergoing micotic division, to, an 
eosinoplule myelocyte , meg, a giant cell or megakaryocyte 

Reticulo-Endothelial System (Aschoff) consists of cells scatteied 
widely m different regions Some of the cells are wandering cells, 
such as the clasmatocytes of the connective tissue and the 
mononuclear cells of the blood and spleen, others are sessile, for 
example, the stellate cells of Kupffer, which constitute an imperfect 
lining for the hepatic capillaries Other sessile components of the 
reticulo-endothelial system are the endothelium of the lymph sinuses 
and splenic smuses and that of th ecapillaries of the bone-marrow 
and suprarenal, and the branched reticulum cells of the bone- 
marrow, lymphoid tissue, spleen and thymus Keticulo-endothelial 
cells possess m com m on the property of ingesting particles such as 

M 2 
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cell-debris and bacteria , foi this reason they are called macrophages 
(in contrast to the microphages or polymorphonuclear leucocytes) 
In addition, they have the closely related powei of taking up 
foreign colloids, such as “vital” dyes (carmine, pynhol blue, 
etc ) An important function attributed to these cells is the 
formation of bilirubin from haemoglobin 

Why or how the red cells break down is not yet known, but 
once they are broken down, the free blood pigment is converted 
into bile pigment by the Kupffei cells This is shown by the 
fact that if blood pigment is injected into the circulation or if 
haemolysis of the red cells is caused by arseniuretted hydrogen 
bile pigment appears m the blood, but not so if the reticulo- 
endothelial system has been thrown out of action by previously 
making it take up other foreign matter such as a colloidal substance 
or by removing the majority of the Kupffer cells m animals 
where they are chiefly situated in one organ, eg the liver of the 
bird 

It is not to be imagined that blood destruction and bile formation 
occur only m certain organs They probably occur in all organs 
and in the colour of an ordinary bruise we have m reality the 
formation of bile pigment locally We shall trace this pigment 
further m relation to the bile 

The White Blood-Corpuscles — These corpuscles are masses 
of nucleated protoplasm, they are nearly spherical when at rest, 
but owmg to their amoeboid movements (see p 8) exhibit con- 
siderable changes in outline when they are active, as they are at 
body temperature 

The number of white blood-corpuscles vanes at different times of 
the day (Bernard Shaw) In the morning or after a lest m the 
horizontal position they are about 6000 per cub mm but mciease 
after midday They are increased by activity, by a meal, after the 
injection of adrenaline, and m asphyxia (MODowall) They may be 
enoimously increased m most infections (eg 60,000 m pneumonia) 
In a few they are decreased (e g influenza) 

Several varieties of colourless corpuscles are found m human 
blood (See coloured plate) 

(а) Lymphocytes — These axe only a little larger than red 
corpuscles The nucleus is relatively large, and usually round , the 
protoplasm around it forms quite a narrow zone The nucleus, as is 
the case with all nuclei, is basophile, and stains with such basic dyes 
as methylene blue The protoplasm presents no distinct granules 
and is also basophile The lymphocytes comprise about 25 per cent 
of the total colourless corpuscles This variety of coipuscle is much 
increased m chi onic infections, e g tuberculosis 

(б) Large mononuclear leucocytes — A relatively small oval nucleus 
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lies near the centre of basopkile protoplasm, which again piesents 
no definite granulation Their diameter is 12-20 p, and they foim 
only 1 per cent of the total colourless corpuscles This variety is 
commonly increased m piotozoal infections, eg malana 

(c) Tr ans%t%onal leucocytes — The cell-body is somewhat smaller 
and is mainly basophile A certain amount of neutrophile granula- 
tion may be seen The nucleus may present all gradations between 
an oval and lobed condition In normal blood their numbei is 
variable, but, as a rule, they make up about 2 to 4 per cent only of 
the total colourless corpuscles They are called transitional on the 
hypothesis that they represent an intermediate condition between the 
large mononuclear leucocytes and the polymorphonuclear leucocytes 
described undei d It is, however, doubtful if this hypothesis is 
correct, and many histologists think the b and c varieties originate 
from endothelium 

(i d ) Polymorphonuclear leucocytes — These are 9-12 p m diameter, 
and form the mam mass of the colourless corpuscles (70 per cent) 
They have several nuclei, which are strongly basophile and present 
many different shapes, and are usually connected by threads of 
chromatin The protoplasm is finely granular, and stains with 
neutral, and famtly with acid aniline dyes (such as eosm) In 
certain pathological conditions — for mstanee, m diabetes mellitus — 
the cell-protoplasm contams excess of glycogen The " polymorphs ” 
are greatly increased in most acute infections 

(<?) Eosmophile leucocytes — These are usually larger than the 
preceding (12-15 p m diameter) They contain either a smgle 
irregular-shaped nucleus, or more often two or three nuclei of 
unequal size Their protoplasm contams large distinct granules 
which have an intense affinity for acid dyes such as eosm, and 
are therefore teimed oxyphile, acidophile, or eosinophile They 
are stated to be less actively amoeboid than the polymoiphonucleai 
leucocytes They comprise from 2 to 4 per cent of the total 
colourless corpuscles They are mcieased m anaphylactic states 
produced by the injection of foreign protein, m asthma, and 
especially in infestation with animal parasites 

(/) Basophiles — These cells are present m connective tissues 
generally, but they are very rare m noimal blood Less than 0 5 per 
cent is usually present They measure about 10 p across, then 
nucleus is single and irregular m shape The granules m the 
protoplasm are much more basophile than the nucleus (See 
coloured plate) 

Phagocytosis — The most important outcome of the amoeboid 
movement of the colourless corpuscles is their power of ingesting 
foreign particles, such as bacteria, which they engulf and digest 
This is called phagocytosis. The polymorphonucleai leucocytes 
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appear to be the most vigorous phagocytes The drawings in fig 164 
show some stages in this phenomenon , the cells represented there, 
however, are not normal leucocytes, but certain large amoeboid 
cells found in connective tissues, which congregate specially m 
inflamed parts 

The Blood-Platelets — Besides the two principal varieties of 
blood-corpuscles, a third kind has been described under the name 
blood-platelets These are colourless disc-shaped or irregular bodies, 
much smaller than red corpuscles Different views are held about 
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Fig 164 —Macrophages containing bacilli and other structures undergoing digestion (Buffer ) 

their origin There is, however, no doubt that they do occur 
in living blood, and are possibly shed off from cells such as the 
megakaryocytes (giant-cells) of the marrow and spleen They show 
no amoeboid movements Their importance m relation to the 
coagulation of the blood has already been pointed out The normal 
number of platelets per cubic millimetre varies but averages about 
250,000 

Origin of the White Blood-Corpuscles (in the Adult) — The 

lymphocytes are formed in lymphoid tissue wherever this is found 
(lymphatic glands, tonsils, etc), the lymph leaving a lymphoid 
structure is thus found to be richer m lymphocytes than that 
entering the structure The lymphocytes enter the blood-stream 
by the thoracic duct and the right lymphatic duet In the cortical 
follicles of lymphatic glands, the clearer central portion called the 


CH XXII ] 


WHITE BLOOD-CORPUSCLES 


365 


“ germ-centre” where active karyokinesis occuis, is thought to be 
the actual seat of foimation of lymphocytes The large lymphocytes 
of the blood resemble the cells of the germ centies 

Th § polymorphonuclear leucocytes are developed in the red mairow 
of the bones from the myelocytes The latter are rounded cells the 
cytoplasm of which contains neutiophile granules their nuclei aie 
rounded and but poorly marked off from the cytoplasm The 
myelocytes are the most abundant cellular constituent of the bone- 
marrow In various infective diseases, eg pneumonia, there is a 
great mciease of leucocytes m the blood (leucocytosis) , this is 
associated with proliferation of the myelocytes in the mairow and 
some may be swept out m the immature state into the blood-stream 
Certain of the myelocytes contain coaise granules, in some the 
granules are eosmophile and such eosmophile myelocytes are the 
precursors of the eosmophile leucocytes , whilst in otheis basophile 
granules aie present and these basophile myelocytes give rise to the 
basophile cells of the blood 

The origin of the large mononuclear leucocyte is involved in the 
mists of controversy According to one view it anses from the cells 
of the reticulo-endothelial system (see p 361), in favour of this 
hypothesis is the fact that in an animal injected with a foreign 
colloid, such as colloidal sihca, the cells of this system, eg the 
Kupffer cells of the liver capillaries, seize on the colloid with 
avidity, swell up and divide, one product of division passing into 
the blood-stream as a cell resembling a mononuclear leucocyte 
According to another view, however, this class of leucocyte is 
developed from the myelocyte The tr ansition for ms are probably 
to be regarded as related to the large mononuclears , it is no longer 
beheved that they represent an intermediate stage between these and 
polymorphonuclears 

In determining whether leucocytes have arisen from myelocytes 
or from other cells, use has been made of the peroxidase reaction 
Marrow cells are beheved to contain peroxidases, so that when they 
are acted on by a mixture of benzidine and hydrogen peroxide, blue 
granules become visible m their cytoplasm Such gianules can be 
demonstrated m polymoiphonuclears and eosmophiles, but not in 
lymphocytes and slightly m large mononuclear cells The basophiles, 
although undoubtedly of marrow-origin, fail to show blue granules in 
their cytoplasm 

Chemistry of the Blood- Corpuscles. 

The White Blood- Corpuscles — Their nucleus consists of nuclein, 
their cell protoplasm yields proteins belonging to the globulin and 
nucleo-protein groups The protoplasm of these cells often contains 
small quantities of fat and glycogen 
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The Red Blood-Corpuscles — 1000 parts of red corpuscles con- 


tain — 

Water 


Solids 


QIC 

^Inorganic 


688 parts 
303 88 „ 

8 12 „ 


One hundred parts of the dry organic matter contain — 

Protein 5 to 12 parts 

Haemoglobin 36 to 94 ,, 

Phosphatides calculated as lecithin 18 ,, 

Cholesterol 0 1 ,, 

The protein present appears to be similar to the nucleo-protein 
of white corpuscles The mineral matter consists chiefly of chlorides 
of potassium and sodium, and phosphates of calcium and magnesium 
In man and most other animals potassium chloride is moie abundant 
than sodium chloride 

Haemoglobin and Oxyhsemoglobin — The pigment is by far 
the most abundant and important of the constituents of the red 
corpuscles It is a conjugated protein, a compound of protem with 
the iron-containing pigment called hsematm 

It exists m the blood m two conditions m arterial blood it is 

combined loosely with oxygen, 
is of a bright red colour, and is 
called oxyhsemoglobm , the other 
condition is the deoxygenated or 
reduced haemoglobin This is 
found m the blood after asphyxia 
It also occurs m all venous blood 
— that is, blood which is le- 
turning to the heart after it has 
' supplied the tissues with oxygen 
Venous blood, however, always 
contains a considerable quantity 
of oxyhaemoglobm also Haemo- 
globin is the oxygen-carrier of 
the body, and it may be called 
a respiratory pigment * 

Crystals of oxyhaemoglobm i* 
may be obtained with readiness 
from the blood of such animals as the rat, guinea-pig, or dog , with 

* In the blood of invertebrate animals haemoglobin is sometimes found, but 
usually m the plasma, not m special corpuscles Sometimes it is replaced by other 
respiratory pigments, such as the green one, chloroeruorin, found m certain worms, 
and the blue one, haemocyamn, found m many molluscs and Crustacea Chloro- 
cruorm contains iron , haemocyamn contains copper 

t Crystals of reduced haemoglobin can also be obtained by carrying out the 
crystallisation m an atmosphere free from oxygen 


Fig 165 —Crystals of oxyhaemoglobm— prismatic 
from human blood 
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difficulty from othei animals, such as man, ape, and most of the 
common mammals The following methods aie the best — 

1 Mix a drop of defihnnated blood of the lat on a slide 
with a drop of watei , put on a cover-glass , in a few minutes the 
corpuscles aie rendered colourless, and then the oxy haemoglobin 
crystallises out from the solution so formed 

2 Microscopical specimens may also be made by Stem’s method, 
which consists m using Canada balsam instead of water in the 
foregoing experiment 

3 On a larger scale, crystals may be obtained by mixing the 
blood with one-sixteenth of its volume of ether , the corpuscles 
dissolve, and the blood assumes a laky appearance After a period 
varying from a few minutes to days, abundant ciystals are deposited 

The shape of the oxyhemoglobin crystals m diffeient annuals 
vanes somewhat, probably owing to the varying amounts of watei 
of ciystallisation they contam Several observers have analysed 
haemoglobin They find carbon, hydrogen, nitrogen, oxygen, sulphur, 
and iron The iron varies from 0 4 pei cent On adding an acid 
or alkali to haemoglobin, it is broken up into two parts — a brown 
pigment called hcematm, which contains all the iron of the original 
substance, and a protein called globm , one of the histones (qv) 

Haematm has the formula ^34-^33 or35 0 5 H 4 Ee It presents dif- 
ferent spectroscopic appearances in acid and alkaline solutions (see 
accompanying plate) As obtamed from oxyhaemoglobm it should 
be termed oxyhcematm It may be reduced in alkaline solution by 
addmg a reducmg agent, and the well-marked absorption spectrum 
of reduced haematm forms the most delicate of the spectroscopic 
tests for blood pigment Reduced haematm is sometimes called 
haemochromogen and is of a red colour, oxyhaematin is brownish 

HsBmin is of great importance, as the obtaining of this substance 
forms the best chemical test for blood The test is much used m 
medico-legal work Haemm crystals may be prepared for microscopical 
examination by boiling a fragment of dried blood with a drop of 
glacial acetic acid on a slide , on cooling, tnclmic plates and prisms 
of a dark brown colour, often m star-shaped clusters and with 
rounded angles (fig 166), separate out In the case of an old 
blood-stam it is necessary to add a crystal of sodium chloride 
Eresh blood contams sufficient sodium chloride in itself 

The action of the acetic acid is to split the hemoglobin mto 
haematm and globm, a hydroxyl group of the haematm is then 
replaced by chlorme 

Hsematoporphynii, C 34 Hg 8 0 4 N 6J is iron-free haematm, it may 
be prepared by mixin g blood with strong sulphuric acid , the iron is 
taken out as ferrous sulphate It is also found sometimes m nature , 
it occurs m certain invertebrate pigments, and may also be found in 



368 


THE BLOOD 


[OH XXII 


certain forms of pathological urine Even normal urine contains 
traces of it It is isomeiic with the Mnubm of bile It piesents 
different spectroscopic appearances according as it is dissolved m 
acid or alkaline media The absorption spectrum figure (No 9) is 
that of acid haematoporphyrin 

Heemopyrrol is formed by reduction from haematoporphyrin and 
proves to be a mixture of several pyrrol derivatives Similar 
derivatives are obtained from chlorophyll, a fact which illustrates 
the near relationship of the principal animal and vegetable pig- 




Fig 167 — Hsematoidin crystals 
(Frey ) 


ments The relationships of the denvatives of blood pigment are 
shown m the following simple scheme — 

Oxyhaemoglobm minus protein = Oxyhaematin 
minus oxygen minus oxygen 

1 4. 

Reduced haemoglobin minus protein = Reduced haematm 
Haem atm minus iron = Haematoporphyrin 
Haematm with an OH replaced by Cl = Haemin 

Haematoporphyrin on reduction yields pyrrol derivatives (Haemopyrrol) 

Haematoidin — This substance is found m the form of yellowish 
red crystals (fig 167) m old blood extravasations, and is derived from 
the haemoglobin Its crystalline form and the reaction it gives with 
fuming nitric acid show it to be closely allied to till 1 ubm , the chief 
colouring matter of the bile, and on analysis it is found to be identical 
with it 

Haematoidin, like haematoporphyrin, is free from iron, but differs 
from it in showing no absorption bands in the spectrum 


Compounds of Haemoglobin 


Haemoglobin forms at least four compounds with gases — 


With oxygen 

With carbonic oxide 
With nitnc oxide 


f 1 Oxyhaemoglobm 
\2 Methaemoglobm 

3 Carbonic oxide haemoglobin 

4 Nitric oxide haemoglobin 
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Those compounds have similar ciystalline foims with the excep- 
tion of methsemoglobm , each consists of a molecule of haemoglobin 
combined with one molecule of the gas m question They 5 pait 
with the combined gas somewhat readily, they are ananged m 
ordei of stabihty m the above list, the least stable hist 

Oxyhemoglobin is the compound that exists in aitenal blood 
Many of its properties have already been desenbed m lelation to 
Respiration 

We have seen that the oxygen may be removed by exposmg the 
blood to a vacuum The blood may also be 1 educed by passing 
hydrogen through it 01 by addition of othei reducing agents, such 
as ammonium sulphide 01 Stokes’ leagent (an ammomaeal solution 
of ferrous taitrate), or, best of all, sodium hydiosulphite One gramme 
of haemoglobin will combine with 1 34 c c of oxygen 

If any of these methods for reducing oxyhaemoglobm is used, the 
bright red (arterial) colour of oxyhemoglobin changes to the darker 
(venous) tint of haemoglobin On once more allowing oxygen to 
come into contact with the hemoglobin, as by shakmg the solution 
with the air, the bright arterial colour returns 

These colour-changes may /be more accurately studied with the 
spectroscope, and the constant),position of the absorption bands seen 
constitutes an important testjfor blood pigment It will be first 
necessary to describe briefly the mstrument used 

The Spectroscope — When a ray of white light is passed through 
a prism, it is refracted or bent at each surface of the prism, the 
whole ray is, however, not equally bent, but it is spht mto its 
constituent colours, which may be allowed to fall on a screen The 
band of colours beginning with the red, passmg through orange, 
yellow, green, blue, and ending with violet, is called a spectrum this 
is seen in natuie in the rambow 

The spectrum of sunlight is interrupted by numerous dark lrnes 
crossmg it vertically, called Frauenhofer’s lines These are perfectly 
constant m position and serve as landmarks m the spectrum The 
more promment are A, B, and C, in the red , D, m the yellow , E, b, 
and F, m the green , G- and H, m the violet These lines are due to 
certain volatile substances in the solar atmospheie If the light 
from burning sodium or its compounds is examined spectroscopically, 
it will be found to give a bright yellow line, or, rather, two bright 
yellow lrnes very close together Potassium gives two bright red 
lrnes and one violet line , and the other elements, when incandescent, 
give characteristic lrnes, but none so simple as sodium If now the 
flame of an ordinary lamp is examined, it will be found to give a 
continuous spectrum like that of sunlight m the arrangement of its 
colours, but unlike it m the absence of dark lines , but if the light 
from the lamp is made to pass through sodium vapour before it 
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reaches the spectroscope, the bright yellow light will be found absent, 
and in its place a dark line, or, rather, two dark lines veiy close 
together, occupy the same position as the two bright lines of the 
sodium spectrum The sodium vapoui absoibs the same lays as 
those which it itself produces at a higher tempeiature Thus the D 
line, as we term it in the solar spectrum, is due to the presence of 
sodium vapour in the solar atmosphere The other dark lines are 
similarly accounted for by other elements 

The large form of spectroscope (fig 168) consists of a tube 
A, called the collimator, with a slit at the end S, and a convex 
lens at the end L The latter makes the rays of light passing 
through the slit from the source of light, parallel they fall on 
the prism P, and then the spectrum so formed is focussed by the 
telescope T 



A third tube, not shown m the figure, carries a small transparent 
scale of wave-lengths, as m accurate observations the position of any 
point m the spectrum is given in the terms of the coi responding 
wave-length 

If we now interpose between the source of light and the slit S 
a piece of coloured glass (H m fig 168), or a solution of a coloured 
substance contained m a vessel with parallel sides (the haematoscope 
of Herrmann), the spectrum is found to be no longei continuous, 
but is interrupted by a number of dark shadows, or absorption 
bands corresponding to the light absoibed by the coloured medium 
Thus a solution of oxyhaemoglobm of a certain strength gives 
two bands between the D and E lines , reduced haemoglobin 
gives only one, and other red solutions, though to the naked 
eye similar to oxyhaemoglobin, will give characteristic bands m 
other positions 4 

A convenient form of small spectroscope is the direct vision 
spectroscope, in which, by an arrangement *of alternating prisms of 
crown and flint glass, the spectrum is observed by the eye in the 
same line as the tube furnished with the slit — indeed, slit and prisms 
are both contamed m the same tube 
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The next figure (fig 169) illustrates a method of lepresentmg 
absoiption spectia diagiammatically The solution was examined 
in a layer 1 centimetie thick The base-hne has on it at the proper 
distances the chief Frauenhofer lines, and along the light-hand edges 
are percentages of the amount of oxyhaemoglobin present m I, of 
reduced haemoglobin in II The width of the shadings at each level 
represents the position and amount of absorption corresponding to 
the percentages 

The characteristic spectrum of oxyhaemoglobin, as it actually 
appears through the spectroscope, is seen in the accompanying 
coloured plate (spectium 2) There are two distinct absorption 
bands between the D and E lines, the one nearest to D (the a 
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Fig 169 —Graphic representations of the amount of absorption of light by solution of (I) oxyhsemo 
globm, (II) of reduced hsemoglobm, of different strengths The shading indicates the amount of 
absorption of the spectrum , the figures on the right border express percentages (Rollett ) 

band) is narrower, darkei, and has better-defined edges than the 
other (the /3 band) As will be seen on lookmg at fig 169, a solution 
of oxyhaemoglobin of concentration greater than 0 65 per cent and 
less than 0 85 per cent (examined m a cell of the usual thickness of 
1 centimetre) gives one thick band overlapping both D and E, and a 
stronger solution lets the red light through only between 0 and D 
A solution which gives the two characteristic bands must theiefore 
be a dilute one The one band (y band) of reduced haemoglobin 
(spectrum 3) is not so well defined as the a or /3 bands On dilution 
it fades more rapidly, so that m a solution of §i|eh strength that both 
bands of oxyhaemoglobin would be quite distinct, the smgle band of 
haemoglobin has disappeared from view The oxyhsemoglobm bands 
can be distinguished in a solution which contains only one part of 
the pigment to 10,000 of water, and even in more dilute solutions 
whichuseem to be colourless the a band is still visible 
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Methsemoglolbm — Tins may be produced artificially m various 
ways, as by adding potassium ferricyanide or amyl nitrite to blood, 
and as it also may occur in ceitam diseased conditions and pass into 
the urine, it is of considerable practical importance It can be 
crystallised, and was formerly stated to contam the same amount of 
oxygen as oxyhemoglobin, only combined in a different way 
Buckmaster was the fiist to show that metheemoglobin contains only 
half as much oxygen as oxyhemoglobin This oxygen is not 
removable by the air-pump, nor by a stream of neutral gas such as 
hydrogen It can, however, by reducing agents such as ammonium 
sulphide, be made to yield reduced hemoglobin Methemoglobm is 
of a brownish red colour, and gives a characteristic absorption band 
m the red between the C and D lines (spectium 7 m coloured plate) 
In dilute solutions other bands can be seen 

Potassium ferricyanide is the most convenient reagent for making methaemo- 
globm It is, however, necessary to remind the reader that it produces another 
effect as well, namely, it causes an evolution of oxygen, if the blood has been 
previously laked In relation, to respiration we have already seen that use is made 
of this fact m the estimation of the oxygen content of the blood After the oxygen 
is discharged from oxyheemoglobm, fresh oxygen, due to the oxidising action of 
the reagents added, takes its place, this new oxygen, however, is combined m 
some way different from that which was previously united to the haemoglobin 
(Haldane ) 

Carboxyhaemoglobin may be readily prepared by passing a 
stream of carbon monoxide or coal gas through blood or through a 
solution of oxyhaemoglobm It has a peculiar cherry-red colour Its 
absorption spectrum is veiy like that of oxyhemoglobin, but the 
two bands are slightly nearer the violet end of the spectrum 
(spectrum 4 in coloured plate) Beducing agents, such as ammonium 
sulphide, do not change it, the gas is more firmly combined than 
the oxygen in oxyhsemoglobin CO-hsemoglobin forms crystals 
like those of oxyhaemoglobm It resists putrefaction for a very 
long time 

Carbon monoxide is given off during the imperfect combustion of 
carbon such as occurs m charcoal stoves or during the explosions that 
occur m coal-mines , it acts as a powerful poison, by combining with 
the haemoglobin of the blood, and thus interferes with noimal 
respiratory piocesses The effects of the formation of carboxy- 
haemoglobm have alieady been discussed (p 293) The bright colour 
of the blood m both arteries and vems and its resistance to reducmg- 
agents, are m such cases characteristic 

Nitric Oxide Haemoglobin — When ammonia is added to blood, and then 
a stream of nitric oxide passed through it, this compound is formed It may be 
obtained in crystals isomorphous with oxy- and CO-haemoglobin It also has a 
similar spectrum It is even more stable than CO-haemoglobin , it is not only of 
theoretical importance as completing the series, but is of some practical interest m 
cases of poisoning by gas liberated from high explosives * 
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Tests for Blood — Briefly, these are micioscopic, spectioscopic,and 
chemical The best chemical test is the formation of heennn crystals 
The old test with tincture of guaiacum and hydiogen peroxide, the 
blood causing the tinctuie to become bluish green, is yeiy untrust- 
worthy, as it is also given by many other organic substances The 
test, for instance, is given by milk, and is there due to the presence 
of an enzyme called a peroxidase, which is destroyed by boiling 
Boiled blood, howevei, gives the test as well as fresh blood, and/the 
reaction is due to the presence of the iron-containing radical of 
haemoglobin In Adler’s modification of this test, benzidme dissolved 
m glacial acetic acid takes the place of tinctuie of guaiacum 

In medico-legal cases it is often necessary to ascertain whether 
or not a red fluid 01 stain on clothmg is of blood In any such 
case it is advisable not to lely on one |test only, but to try every 
means of detection at one’s disposal To discovei whethei it is blood 
or not is by no means a difficult problem, but to distinguish human 
blood from that of the common mammals is possible only by the 
“ biological ” test described at the end of the section on Immunity 

Blood Substitutes 

The physiological charactenstics of blood must be consideied 
from the point of view of substitutes which may be required to 
replace blood lost by hemorrhage 

If a suitable blood from another individual is not available 
to replace the lost blood, the fluid used must be as hke the 
ongmal as possible In order to achieve this the fluid must contain 
sodium, potassium, calcium, and bicarbonate, as in Bmger’s solution 
(see p 153) Such a substitute would not, however, stay m the 
vessels, as it has not the requisite osmotic pressure It is impossible 
to make up this pressure with additional salts, since these merely 
become excreted by the kidney, 01 escape into the tissues As 
we have seen, an important factoi in keeping the blood m the 
vessels is the osmotic pressure of the proteins, which normally 
counteracts the blood-pressure m the capillaries, which tends 
to force the fluid through the capillary walls Foreign protein, 
however, cannot be injected, as it is extremely liable to produce 
shock , it is therefore necessary to add a substance which is inert 
yet will supply the required osmotic pressure and viscosity A 
convenient substance is gum arable, which may be added to the 
extent of 6 per cent In actual practice it has been found best to 
provide a more concentrated solution to which some glucose has 
been added This must, however, be injected slowly 4 

Blood Groups — Ideally, the blood of another person is the best 
substitute for lost blood, but unfortunately all bloods are not 
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compatible, but are liable to agglutinate or clump, and to haemolyse 
each other, and so cause serious symptoms and even death 

It has been found that individuals can be divided into four 
groups, according to the liability of then cells to be agglutinated 
For practical pui poses we can ignore the serum of the donor, smce 
it is so diluted by the blood of the recipient We have, therefore, 
to consider the effect of the serum of the recipient upon the 
corpuscles of the donor 

Group 1 is the group of universal recipients, that is, its 
members can receive without causing agglutination cells of each 
of the other groups, but cannot give with safety to any but membeis 
of their own group Individuals belonging to group 4, on the other 
hand, cannot safely receive blood from any but their own gioup 
Their blood can, however, be given to any other group and they are 
theiefoie known as universal donors 

Group 2 corpuscles aie agglutinated by group 3 serum, but 
not by their own, while those of group 3 are agglutinated by 
group 2 serum, but again, not by then own 

By having stocks of the serum of groups 2 and 3, we can readily 
determine to which group any individual belongs, smce 1 is 
agglutinated by both, while 4 is not The tests are made by adding 
a little citiate to the unknown blood and mixing it with the 
standard sera on a glass slide The agglutination will occur in 
a few minutes, if at all, and may readily be seen with the low 
power of the micioscope 

Recent work has indicated that some of the blood groups may need subdivision 


Immunity 

The chemical defences of the body against injury and disease are 
numerous The property that the blood possesses of coagulating is 
a defence against haemorrhage, the acid of the gastric juice is a great 
protection against harmful bacteria mtroduced with food Bacterial 
activity in urine is inhibited by the acidity of that secretion 

Far more important and widespread in its effects than any of the 
foregomg is the bactericidal {% e bacteria-killmg) action of the blood 
and lymph, a study of this question has led to many interesting 
results, especially m connection with the problem of immunity 

It is a familiar fact that one attack of many infective maladies 
protects us agamst another attack of the same disease The person 
is said to be 'immune either partially or completely agamst that 
disease Yaccmation produces m a patient an attack of cowpox or 
vaccmia This disease is either closely related to smallpox, or 
maybe it is smallpox modified and rendered less malignant by passing 
thiough the body of a calf At any rate, an attack of vaccinia renders 
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a pei son immune to smallpox, or variola, foi a eeitain number of 
years Vaccination is an instance of what is called protective inocula- 
tion , which is now practised with success m refeience to other 
diseases, such as plague and typhoid fever The study of immunity 
has also rendeied possible what may be called curative inoculation , 
or the injection of antitoxic material as a cure for diphthena, tetanus', 
and snake-poisoning , the use of tuberculin in consumption (and of 
vaccines prepaied from dead bacteria m other diseases) comes mto 
the same category 

The leucocytes or phagocytes destroy bacteria by feeding on 
them , but the fluid part of the blood is often antagonistic to bacterial 
life, and this power was first discovered when the effoit was made to 
grow various kinds of bacteria in it , it was looked upon as probable 
that blood-serum would prove a suitable soil or medium foi this 
purpose It was found m some instances to have exactly the 
opposite effect The chemical characters of the substances which kill 
the bacteria are not fully known , indeed, the same is true foi most 
of the substances we have to speak of m this connection Absence 
of knowledge on this particular point has not, however, prevented 
important practical discoveries from being made 

So far as is known at present, the substances m question are 
protein m nature The bactericidal powers of blood are destroyed 
by heating it for an hour to 55° C Whether the substances aie 
derived from the leucocytes is a disputed point The substances, 
whatever be their source or their chemical nature, are called lacteno- 
lysms 

Closely allied to the bactericidal power of blood, or blood-serum, 
is its globulicidal power By this is meant that the blood-serum of 
one animal has the power of dissolving the red blood-corpuscles of 
another species If the serum of one animal is injected mto the 
blood-stream of an animal of another species, the result is a destruction 
of its red corpuscles, which may be so excessive as to lead to the 
passing of the liberated haemoglobin into the urme (haemoglobmuria) 
The substance or substances m the serum that possess this property 
are called hcemolysms, and though there is some doubt whether 
bacteno-lysms and haemolysms aie identical, there is no doubt that 
they are closely related substances 

Normal blood possesses a certain proportion of substances which 
aie mimical to the life of our bactenal foes But when a person gets 
run down, every one knows he is then liable to “ catch anything ” 
This coincides with a diminution m the bactericidal power of his 
blood But even a perfectly healthy person has not an unlimited 
supply of bacterio-lysm, and if the bacteria are sufficiently numerous 
he will fall a victim to the disease they produce Here, however, 
comes in the remarkable part of the defence In the struggle he 
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will pioduce more and more bacterio-lysm , if he gets well it means 
that the bacteria are finally vanquished, and his blood lemams 
rich in the particulai bacterio-lysm he has produced, and so will 
render him immune for a time to further attacks from that particular 
species of bacterium Each bacterium attacked in this way seems to 
cause the development of a specific anti-substance 

Immunity can more conveniently be produced gradually m animals, 
and this applies, not only to the bacteria, but in certain cases to the 
toxms they form If, for instance, the bacilli which produce 
diphtheria are grown in a suitable medium, they pioduce the 
diphtheria poison, or toxin, much m the same way that yeast-cells 
will produce alcohol when grown m a solution of sugar Diphtheria 
toxin is associated with a proteose, as is also the poison of snake- 
venom If a certain small dose called a “ lethal dose” is injected 
into a guinea-pig the result is death But if the gumea-pig 
receives a smaller dose it will recover , a few days later it will stand 
a rather laiger dose , and this may be continued until, after many 
successive gradually increasing doses, it will finally resist an amount 
equal to many lethal doses without any ill effects The gradual 
introduction of the toxin has called forth the production of an 
antitoxin If this is done in the horse instead of the gumea-pig the 
production of antitoxm is still more marked, and the serum obtained 
from the blood of an immunised horse when injected mto human 
beings suffering from diphtheria, and rapidly overcomes the disease 
The two actions of the blood, antitoxic and antibacterial, are 
frequently associated, but may be entirely distinct 

There is no doubt that in these cases the antitoxm neutralises the 
toxm much m the same way that an acid neutralises an alkali If 
the toxm and antitoxin are mixed m a test-tube, and time allowed 
for the interaction to occur, the result is an innocuous mixture The 
toxm, however, is merely neutralised, not destroyed, for if the 
mixture m the test-tube is heated to 68° 0 the antitoxm is coagulated 
and destroyed, and the toxm remams as poisonous as ever 

Immunity is distinguished mto active and passive Active 
immunity is produced by the development of protective substances 
m the body, passive immunity by the injection of a protective 
serum. Of the two, the former is the more permanent 

Bicm, the poisonous protem of castor-oil seeds, and abnn, that of 
the jequnity bean, also produce, when gradually given to animals, an 
immunity, due to the production of antiricm and antiabrm respectively 
Ehrlich’s hypothesis to explain such facts is usually spoken of as 
the side-chain theory of immunity He considered that the toxms are 
capable of uniting with the protoplasm of living cells by possessmg 
groups of atoms like those by which nutritive protems are united to 
cells durmg normal assimilation He terms these haptophor groups. 
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and the groups to which these are attached m the cells he terms 
receptor gioups The introduction of a toxin stimulates an excessive 
production of receptois, which are finally thiown out into the circula- 
tion, and the free circulating receptors constitute the antitoxin The 
comparison of the process to assimilation is justified by the fact that 
non-toxic substances such as milk or egg-white mtioduced giadually 
by successive doses into the blood-stream cause the formation of anti- 
substances capable of coagulating them 

Up to this point I have spoken only of the blood, but workers 
aie steadily bringing foiward evidence to show that other cells of 
the body may by similar measures be rendeied capable of pioducmg 
a corresponding protective mechanism 

The substances which on injection provoke the appearance of 
antidotes of this nature aie of protein or protem-hke nature, they 
are spoken of as antigens 

One further development of the theory must be mentioned At least 
two different substances are considered to be necessary to render a 
serum bactericidal or globulicidal The bacterio-lysm or haemolysm 
consists of these two substances One of these is called the immune 
lody, the other the complement We may illustrate the use of these 
terms by an example The repeated injection of the blood of one animal 
(e g , the goat) into the blood of another animal (eg 3 a sheep) after a 
time renders the latter animal immune to further injections, and at the 
same time causes the production of a serum which dissolves readily 
the red blood-corpuscles of the first animal The sheep’s serum is thus 
haemolytic towards goat’s blood-corpuscles This power is destroyed 
by heating to 56° C for half an hour, but returns when the fresh 
serum of any animal is added The specific immunising substance 
formed m the sheep is called the immune body, the enzyme-hke 
substance destroyed by heat is the complement The latter is not 
specific, since it is furnished by the blood of non-immunised animals, 
but it is nevertheless essential for haemolysis Ehrlich beheves 
that the immune body has two side groups — one which connects 
with the receptor of the red corpuscles, and one which unites with 
the haptophor group of the complement, and thus renders possible 
the enzyme-like action of the complement on the red corpuscles 
"Various antibacterial sera which have not been the success m 
treating disease they were expected to be, are probably too poor m 
complement, though they may contain plenty of the immune body 

To put it another way the cell-dissolving substances cannot act 
on their object of attack without an intermediate substance to 
anchor them on to the object m question This intermediary sub- 
stance, known as the immune body or amboceptor, is specific, and 
varies with the substance to be attacked (red corpuscles, bacterium, 
toxin, etc) The complement may be compared to a person who 
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wants to unlock a door , to do this effectively he must be provided 
with the pioper key (amboceptor or immune body) 

Quite distinct from the bactericidal, globulicidal, and antitoxic 
properties of blood is its agglutmatmg action This is another result 
of mfection with many kinds of bacteria or their toxins The blood 
acquires the pioperty of rendering immobile and clumping together 
the specific bacteria concerned m the infection The test applied to 
the blood m cases of typhoid fever, and generally called Widal's 
reaction, depends on this fact The substances that produce this effect 
are called agglutinins They also are probably protem-like m nature, 
but are more resistant to heat than the lysms Prolonged heating 
to ovei 60° C is necessary to destroy their activity 

We thus see that the means of combating our bacterial enemies 
aie various, m some cases they are rendered immobile by agglu- 
tinins, and m other cases, killed by bacteno-lysms In other 
instances, their toxms are neutralised by antitoxins, and m others 
again they are directly devoured by phagocytes Metschnikoffis 
view, which is shared by most bacteriologists, is that phagocytosis 
is the supreme method, and the others are merely auxiliaries, or 
confined to a small number of cases If a foreign orgamsm is 
destroyed by the leucocytes, it produces no ill effects when it enters 
the body of a man or other animal, but if it is not destroyed, it 
grows and produces a disease, and it is therefore called pathogenic 
If the phagocytes can be induced to feed on a pathogenic organism, 
it is at once rendered non-pathogenic The discovery of opsonms , 
by A E Wright, emphasises this view and shows one means 
the body possesses of persuading the leucocytes to eat bacteria, 
which would otherwise be distasteful to them Washed bacteria 
from a culture are usually refused by leucocytes, but if the 
bacteria have been previously soaked in serum, especially if that 
serum has been obtamed from the blood of an animal previously 
immunised against that special bacterium, then the leucocytes 
devour them eagerly Something has either been added to the 
bacterium to make it tasty, or something removed from it which 
previously made it distasteful whichever is the case, the action is 
described as the action of an opsonin (derived from a Greek word 
which means “to prepare the feast”) 

We may take the specific case of the tubercle bacillus as an 
mstance where such work is of value All of us are breathing in 
these bacilli every day of our lives, but many of us escape tuber- 
culosis because the opsonic power of our blood is sufficiently high 
to render the bacilli an easy prey to leucocytes In those to whom 
the organism is pathogenic, the modern treatment is directed to 
enhancing nature's cure by increasing the opsonic power of the 
patient’s blood by good food and pure air 
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Lastly, we come to a question which moie dneetly appeals to the 
physiologist than the preceding, because experiments in relation to 
immunity have furnished us with what has hitherto been lacking, a 
means of distinguishing human blood from the blood of other 
animals 

The discovery was made by Tchistovitch (1899), and his original 
expeiiment was as follows — Babbits, dogs, goats, and guinea-pigs 
were moculated with eel-seium, which is toxic he thereby obtamed 
from these animals an antitoxic serum But the serum was not only 
antitoxic produced a precipitate when added to eel-serum, but 
not when added to the serum of any other animal In other words, 
not only has a specific antitoxin been produced, but also a specific 
■precipitin Numerous observers have since found that this is a 
general rule throughout the animal kingdom, including man. If, for 
instance, a rabbit is treated with human blood, the serum ultimately 
obtamed from the rabbit contains a specific precipitin for human 
blood, that is to say, a precipitate is formed on adding such a 
rabbit’s serum to human blood, but not on adding it to the blood of 
any other animal There may be a slight reaction with the blood 
of allied animals , for instance, with monkey’s blood in the case of 
man The great value of the test is its delicacy , it will detect the 
specific blood when it is greatly diluted, after it has been dried for 
weeks, or even when it is mixed with the blood of other animals 

The lipides contained m cells (mainly m the cell-membrane) play some part m 
the relationship of such cells to toxins The matter has been mainly studied in 
relation to red corpuscles, and the hsemolysins (such as snake-venom, saponin, etc ), 
which attack them There is some evidence that the cholesterol m the envelope 
of the red corpuscles is a protective agent. A few years ago, Preston Kyes stated 
that lecithin is the amboceptor which anchors the haemolysm on to the red cells 
But more recent research has failed to substantiate this view, and the compounds 
which Kyes described and called lecithides arc impure mixtures of several sub- 
stances It is much more probable that the real agent at work m haemolysis is 
a lipolytic or fat-splittmg enzyme , this splits up the lecithin of the cell, liberating 
oleic acid and deoleolecithm (that is, lecithin minus its oleic acid radical), and it 
is these cleavage products which dissolve out the haemoglobin and so destroy the 
corpuscles 

Anaphylax %$ — The woid anaphylaxis dates from 1905 and was 
coined by Bichet, he was studying the action of poisons obtamed 
from the sea-anemone, and he found that if a small dose which 
caused no symptoms m a dog was followed a week or two later by 
the same small dose, the animal became ill and usually died This 
mcreased susceptibility lasted a consideiable time, and he called it 
anaphylaxis {ana against, j phylaxis protection) It was subsequently 
found that similar reactions may be produced when minute amounts 
of almost any foreign protem are injected mto the blood-stream 
with an appropriate time interval between the injections The 
mcreased sensibility to the toxic reaction is called sensitisation 
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If the animal lecovers fiom the shock of the second injection it 
remains insensitive foi a considerable time to intoxication by the 
same protein It is said to have been desensitised, but this piotection 
does not extend to injection of a protein of diffeient chemical 
composition This fact has been utilised m the determination of 
the purity of protem and in the recognition of blood stains for 
legal purposes These reactions are most marked in guinea-pigs 
and dogs, but fatal anaphylactic reactions have occurred in man, 
when the facts mentioned above have been ignored Numerous 
theories have been advanced to explain these remarkable occurrences, 
but these have now become part of the subjects of Bacteriology and 
Pathology 

Eecent investigations suggest that the stability of body colloids, 
including those of the plasma, is altered so that they are less 
resistant to change than those of the normal animal 

Similar physiological reaction may follow a single intravenous 
injection of relatively large amounts of foreign protein, and of 
certain medicinal substances The effects are known as anaphylactoid 
phenomena and are of importance m intravenous therapy 
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CHAPTER XXIII 


GENERAL METABOLISM AND ENERGY EXCHANGES 

In general metabolism we consiclei the total amount of eneigy 
exchange which is going on m the body under varymg conditions 
Energy — When the fuel m an engine’s furnace is burnt, theie 
is no real destruction of mattei, for the pioducts of combustion 
(C0 2 , etc ) aie equal m weight to the original fuel, plus the oxygen 
of the an winch has entered into combination with it During this 
combustion or oxidation, energy is liberated and energy, like matter, 
is also indestructible though it exhibits transformations In the 
unburnt fuel the energy is latent' or potential, but as the coal bums 
three forms of actual energy or force are liberated one of these is 
light . , another is heat , and the thud is mechanical worh which makes 
the wheels go round Theie is a fixed relationship between these 
forms of energy, heat, for example, can be transfoimed into 
mechanical work, but always m a definitely fixed proportion Con- 
sequently eneigy can be measured by selecting one kind as the 
standard, and then the value of other forms of energy can be calcu- 
lated Engineers select a work unit, horse-power, foot-pound, etc, 
but the standard which has been selected by physiologists is the heat 
unit or calorie 

The Calorie * (the large calorie) is the amount of heat required 
to raise the temperature of one kilogramme of watei fiom freezing- 
point to 1° C , and the instruments which measure the calorific value 
of substances are called calorimeters 

The data necessary for the study of the energy exchanges of 
the body are determined by the process known as calorimetry 
The Bomb Calorimeter — The heat of combustion of any of the 
food substances or of the excreta is determined by placing a known 
weight of the substance m question (A, fig 170) within a bomb (B) 
immersed m a known volume of water , the water is at air-temperatuie 
in a brass vessel (E), enclosed within an ebonite casmg (F), which 
acts as a non-conductor of heat The bomb is connected with a 

* The small calorie is a unit m which 1 gramme takes the place of the kilo- 
gramme (1000 grammes) in the large calorie 
883 
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cylinder of oxygen at high pressuie , and the substance A is ignited by 
an electric spark by means of the wires D The products of com- 
bustion pass out through the spiral tube C, and on their journey give 

off their heat to the water 



If the heat of combustion of 
gases or volatile liquids is 
to be determined, a special 
form of burner is introduced 
at the opening at the bottom 
of the bomb When the 
combustion is complete the 
rise of temperature of the 
water is observed by the 
thermometer T During the 
combustion, the water is 
kept m movement by the 
stirrer S, which is worked 
by a small motor The rise 
of temperature multiplied 
by the weight of the water 
gives the amount of heat 
expressed in calories (see 
above) 

Any given oxidation will 
always produce the same 
amount of heat Thus, if 
we oxidise a gramme of 
carbon, a known amount of 
heat is produced, whether 
the element is free or m a 


Fig 17° of bomb^aiorimeter chemical COmpOUIld The 

following figures show the 
appioximate number of heat-units pioduced by the combustion of 
1 gramme of the following substances — 


Hydrogen 

34 6 Pat 

9 S 

Carbon 

8 1 Cane-sugar 

3 4 

Urea 

2 5 Starch 

4 1 

Albumin 

5 6 



It is, however, most important to lemember that the “physiologi- 
cal heat- value” of a food may be different from the “physical heat- 
value / 7 % e , the amount of heat produced by combustion in the body 
may be different from that produced when the same amount of the 
same food is burnt m a calorimeter This is the case with the pro- 
teins, because they do not undergo complete combustion m the body, 
for each gramme of protein yields a third of a gramme of urea, which 
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has a considerable heat-value of its own Thus albumin, winch, 
by complete combustion, yields 5 6 calories, has a physiological 
heat-value = 56 minus one-third of the heat-value of urea 
(2 5) = 5 6 — 0 85 = 4 7 Eubner has shown that this figure must 
be reduced to nearly 4, as some of the imperfectly burnt pioducts 
of decomposition of protems escape as uric acid, creatinine, etc, m 
the urme, and there is a small quantity of similar substances m 
the faeces No difference between the physical and physiological 
heat-values of fats and carbohydrates exists, provided, of course, 
that all the fat and carbohydrate m the food is absorbed The figures 
indicate that fat is a much better source of energy than carbohydrate 
and that it is also the better method of storing energy from the 
pomt of view of weight 

Having obtained m this way the energy value of the food taken 
m, expressed as units of heat, the next step is to aruve at the heat 
produced m the animal body Other manifestations of energy in the 
body, such as kmetic energy, must also be taken mto account, and it 
is usual to express these also in terms of heat, one small calorie 
bemg equivalent to 425 5 gramme-metres 

Methods of Studying Metabolism — We may study metabolism 
directly or indirectly In the former, we find the amount of heat 
produced by the body under varying conditions in the latter, we 
find the amount of oxygen consumed in a given time and from our 
knowledge of the nature of the fuel which is bemg oxidised in the 
body we can arrive at an idea of the amount of heat produced The 
direct method consists of putting the individual or animal mto 
a calorimeter The heat produced is the best indication of the rate 
of the general metabolism 

From time to time numerous calorimeters, on the principle of the 
bomb calorimeter, designed for this purpose have been introduced, 
but by far the best is the Atwater-Benedict instrument, and its 
special value consists m the circumstance that it can be used for 
making observations on man The method employed will be seen 
to be based precisely on the same pimeiples as those of the bomb 
calorimeter The apparatus is described below 

The Atwater-Benedict Respiration Calorimeter (fig 171) consists 
of a room with non-conductmg walls Through this run coils of 
water-pipes, fitted with metal discs Only one of these tubes 
is shown m the figure (A) Any rise of the temperature of 
the room is at once taken up by the discs and communicated 
to the water The whole of the heat production of the individual 
in the calorimeter is therefore spent in raising the temperature 
of the water The amount of water which goes through the 
pipes multiplied by the difference in the temperature of the 
water as it enters and as it leaves the calonmetei, gives the 

N 



386 GENERAL METABOLISM AND ENERGY EXCHANGES [CH xyttt 

heat output of the person within it This temperature is ascertained 
by the thermometers (T, T) 

In the bomb calonmetei it is possible to ensure the complete 
combustion of the substance placed in the bomb It is not possible 
to ensure the complete oxidation of the food eaten Foi instance 
food may be retamed and assimilated with a gam of weight to the 
individual This difficulty is met m the following way The air of 
the calonmetei is kept circulating through a series of chambers in 
which the carbon dioxide and the water are absorbed, and subse- 
quently estimated As the oxygen is used up by the individual, fresh 



n^JT>6n is admitted m known quantities The urine and fseces are 
analysed as well as the air, at the beginning and end of the experi- 
ment The following additional data are therefore forthcoming 

(1) the carbon, hydrogen, and nitrogen given out by the body, 

(2) the oxygen taken m, and from these the amounts of piotem, fat, 
and carbohydrate metabohsed m the body, can be calculated The 
apparatus combines therefore the direct and mdirect methods of 
studying metabolism 

In the calorimeter is a bicycle, the hind-wheel of which is 
replaced or connected with an arrangement, q g a dynamo or a hand 
brake, by which the amount of work done can be measured 

The calorimeter is also supplied with a bed, a table, a chair, and 
a double window, through which food of known weight and com- 
position can be supplied, so that an experiment may continue over 
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two 01 thiee clays, and the effect of woik, sleep, vanous diets, etc , 
can be studied 

The Benedict differential calcn imetm is in some degiee a simplei 
appaiatus m which the heat given off is measiued by finding the 
amount of heat (geneiated electucally) which must be supplied to 
keep the tempera tuie of a conti ol ch£mbei up to that containing 
the animal 01 man Both chambeis aie enclosed m a common 
outer chamber and diffeiences in their tempeiatures are lecorded 
electucally It is claimed that the calonmetei is less liable than 
the Atwatei-Benedict type to be affected by accidental eirors such 
as leakage 

Indirect Methods — These aie the most convenient methods and 
are extensively used in the investigation of disease In all, the 
amount of oxygen used m a given time is detei mined and the number 
of calones produced calculated therefrom 



Kr ogtis and Benedict's Methods — In these methods, which differ 
only m detail, the individual breathes, for a given time, to and from a 
spirometer containing pure oxygen, the carbon dioxide of the expired 
air bemg absorbed by passing it through soda-lime The oxygen used 
may then be read off directly fiom the spirometer 

The Douglas Bag Method — In this method the expired air is 
collected m a Douglas Bag over a given penod, say of ten minutes 
A sample is analysed and the volume obtained by passing the 
contents of the bag through a gas meter The amount of oxygen 
consumed (usually 300 to 400 c c per m in ) is ob tamed by subtracting 
the amount of oxygen found m the bag from that in the normal air 
Seveial corrections for temperature and watei vapour have to be 
made in making the actual calculation, but these need not concern 
us here They are usually taken from tables 

Having found the amount of oxygen consumed by any of these 
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methods, we calculate the calories produced This depends on the 
nature of the fuel utilised It must be realised that this is not 
necessarily the fuel taken m by the mouth, but also that previously 
stored m the tissues It has been determined by burning food in 
a limited quantity of oxygen that, if carbohydrate is being burnt, 
1 litre of oxygen produces 5 05 calories, if fat 4 6 C and if protein 
or a mixed diet 48 For piactical purposes the average may be 
taken as 5 calories 


In more accurate work it is necessary to take into consideration the 
_ . CO, given out 

respiratory quotient (E Q ), u, uged , see p 288, which gives an 

indication of the relative amounts of carbohydrate and fat being burned The 
reason for this is as follows If carbohydrate was being burned, e g glucose 
(C 6 H 12 0 6 ), all the oxygen lost would appear again as carbon dioxide (C0 2 ) m the 
expired air, since the carbohydrate itself contains sufficient oxygen to oxidise its 
own hydrogen The respiratory quotient would therefore be unity 

If, however, a fat was being consumed, e g tristearm C 5)7 H 110 O 6 , oxygen would 
also be used in oxidising the hydrogen to form H 2 0 Thus, the amount of oxygen 
taken in would become larger than the amount of carbon dioxide expired and the 
respiratory quotient would become less than unity 

On a mixed diet the RQ is about 0 82, and since protein is about the average 
its effect on the quotient need not be considered 

The higher the respiratory quotient (z e the more carbohydrate is being used) 
the more heat is produced by a litre of oxygen 



Metabolism of Small Animals — The metabolism of small 
animals may be studied by enclosing the animal m a small chamber 
the air of which is periodically replaced and analysed The 
metabolism of tadpoles which is of interest m relation to the effect 
of thyroid extract may be studied m this way (Huxley) but for 
larger animals the method of Haldane is convenient (see fig 173) 

The animal is placed m the vessel A , air is sucked through the 
apparatus (which must be perfectly air-tight) by a water-pump at a 
suitable rate The arrows mdicate the direction m which the air 
passes It goes first through two Woulfffs bottles, 1 and 2 Ho 1 
contains soda-lime, which frees the air from carbonic acid. Ho 2 
contains pumice-stone moistened with sulphuric acid, which fiees 
the air from aqueous vapour The pure, dry air next reaches the 
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animal chambei, and the animal gives off to it carbonic acid and 
aqueous vapour It passes then through the three bottles, 3, 4, and 5 
No 3 contams pumice and sulphuric acid, which removes the water , 
No 4 contams soda-lime, which absorbs the carbonic acid , and No 5 
contains pumice and sulphuric acid, which absorbs any water carried 
over from bottle 4 The mciease of weight m bottle 3 at the end of 
a given time (eg an hour) is the weight of water given off by the 
animal m that time, the mcrease of weight in bottles 4 and 5 
weighed together gives the amount of carbonic acid produced by the 
animal m the same time 

Metabolic Rate — Calorimetry is now an exact scientific method, 
and statistics were accumulated during the recent war, when it 
became necessary m feeding the nation and the army to apportion 
the available food in relation to the work done in various avocations 
The following gives a few typical figures (from Graham Lusk) and 
will be sufficient to illustrate the results obtained 

Man m bed 24 hours uses and requires 

(basal metabolism) 1,680 

In bed 8 hours, sedentary occupation for 

16 hours 2,170 

Bed, 8 hours, m a chair, 14 hours, 

walking, 2 houis 2,500 

Active outdoor life 3,500 

Eider in a 6 days’ bicycle race 10,000 

As stated already, external work is the great varying factor , the 
greater amount of work a man does the larger the supply of food 
needed, especially of the fuel foods 

In order to be quite clear, it is necessary to define these terms 
Intel nal work is the work of the various internal organs carried out 
involuntarily to maintain life (cardiac activity, respiration, and the 
like) External work is the work performed by the voluntary 
muscles Even if a man rests absolutely quiet m bed all day, his 
internal work goes on, and his body temperature is maintained 

Basal Metabolism — This is the metabolism which is necessary 
to maintain the essential functions when the individual is in a state 
of mental and physical rest, preferably asleep It varies with size, 
age, and sex, but for the average young adult it may be taken as 
1700 calories In certain conditions, notably exophthalmic goitre, 
the basal metabolic rate may be increased Eor purposes of com- 
parison it is usual to calculate the metabolism in terms of body 
surface, which may be calculated from the height and weight 
Small individuals and animals have a higher basal metabolism 
jpei unit of body-u eight than large animals as they have a relatively 


large calories 

i) 

33 

33 
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greater body surface from which heat is lost As the body increases 
m size the volume increases more rapidly than the surface 

It is found that the aveiage young man pioduces about 40 calories 
per square metre of body surface pei hour, and a woman slightly less 
This is about 1 calorie per kilogram per hour 

Total Respiratory Exchange 

Ranke gives the following numbers from experiments made on a 
man, who was taking a mixed diet consisting of 100 giamm.es of 
protein, 100 of fat, and 250 of carbohydrate m the twenty-foui hours 
The amount of oxygen absorbed m the same time was 666 grammes, 
of which 560 passed off as carbon dioxide, 9 m urea, 19 as water formed 
from the hydrogen of the protem, and 78 from that of the fat 

Vierordt from a number of experiments on human beings gives the following 
average numbers the amount or oxygen absorbed m the twenty-four hours is 
744 grammes, this leads to the formation of 900 grammes of carbonic acid (which 
contains about half a pound of carbon) and 228 grammes of water 

The respiratory interchange is lessened during sleep It is 
especially small m the winter sleep of hibernating animals In 
muscular exercise the quotient rises , this is due m part to increased 
combustion of glucose 

The Conservation of Energy 

From such calorimetric studies it becomes evident that the Law 
of the Conservation of Energy is applicable to the animal body 

The following table exhibits the relation between the production 
and discharge of energy m twenty-four hours m the human organism 
at rest, estimated m calories The table conveniently takes the form 
of a balance-sheet m which pioduction and discharge of heat are 
compared, to keep the body- temperature normal these must be 
equal The basis of the table m the left-hand (income) side is the 
same as Voit’s diet (q_v) — 

Discharge of heat Large 

Warming water m food, Calories 

2 6 kilos x 25° C = 65 

Warming air in respiration, 

16 kilos x 25° x 0 24 = 96 

Evaporation m lungs, 

630 gr x 582 = 366 
Radiation, evaporation, etc , 
at surface, plus the thermal 
equivalent of mechanical 
work done accounts for the 
remainder 2278 

2805 


Production of heat 
Metabolism of 

Protem (120 gr) 120 x 4 

Fat (100 gr ) 100x9 

Carbohydrates ^ v A 

( = 333 gr starch)} 6<sixi 


of heat Large 
Calories 
120 x 4 = 480 

100x9 4 = 940 

333 x4 16 = 1385 


2805 
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The figuies under the heading Production are obtained by multi- 
plying the weight of food by its physiological heat-value The 
figures on the othei side of the balance-sheet aie ob tamed as follows 
The water m the food is reckoned as weighing 2 6 kilos This is 
supposed to be at the tempeiatuie of the air, taken as 12° C 3 it has 
to be raised to the temperatuie of the body, 37° C , that is, through 
25° C Hence the weight of water multiplied by 25 gives the 
number of calones expended in heatmg it The weight of air is 
taken as 16 kilos , this also has to be raised 25° C , and so to be 
multiplied by 25 , it has fuithei to be multiplied by the specific heat 
of air (0 24) The 630 grammes of water evaporated m the lungs 
must be multiplied by the potential or latent heat of steam at 37° C 
(582) j the portion of heat lost by radiation, conduction, and evapora- 
tion from the skin constitutes about four-fifths of the whole, and is 
ob tamed by deductmg the thiee pievious amounts from the total 
This table does not take mto account the small quantities of heat 
lost with urme and faeces If the man does external work the 
amount of energy dissipated is mcreased, and he would, m 
consequence, require more to be supphed m the form of food 
Very few men m active work get on well with a smaller supply 
than 3500 calories m their diet 

We may state the general results of experiments of this nature 
as follows — 

1 If an animal is domg no external woik, and is neither gaining 
nor losmg substance, the potential energy of the food (expressed as 
its heat of combustion) will be equal to that of the excreta, plus 
that given off as heat, plus that of internal work 

2 If an animal is domg external work, and is neither gammg 
nor losmg substance, the potential eneigy of the food will be equal 
to the heat used m warmmg food, plus that given off as heat, plus 
that of the internal and external work 

3 If an animal is domg no external work, but gammg or losmg 
body-substance, the potential energy of the food will equal the 
potential energy of the excreta, plus that given off as heat, plus that 
of the internal work .plus that of the gam by the body-substance 
(a loss by the body being regarded as a negative gam) 

4 In an animal doing external work, and gaining or losmg body- 
substance, the potential energy of the food will equal the potential 
energy of the excreta, plus that given off as heat, plus that of the 
internal and external work, plus that of the gam (positive or 
negative) of the body-substance 

Of the heat produced m the body, it was estimated by Helmholtz 
that about 7 per cent is repiesented by external mechanical woik, 
and that of the remainder about four-fifths are discharged by radia- 
tion, conduction, and evaporation from the skm, and the remaining 
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fifth by the lungs and excreta This is only an average estimate, 
subject to much variation, especially m the amount of work done 
Body- weight depends on the relative amount of energy taken in 
and lost — potential energy being stored m the form of fats In the 
young the income exceeds the expenditure and the body gams in 
weight, but a balance is usually arrived at later The law of the 
conservation holds m relation to stout persons whatever their own 
opinion of the matter ' To reduce body- weight, more energy has to 
be expended or less taken m , to increase, the reverse is necessary 
Certain individuals have a greater or smaller resting metabolism 
than others and have an undue tendency to become thin or fat 
In gross cases, as we shall see later, the difference may depend on 
changes m the ductless glands, but more commonly the difference 
depends on a variable response to the normal stimulating effect of 
protem m metabolism 
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CHAPTER XXI Y 


DIET 

The Quality of the Diet — Fiom what has been said of the chemical 
constitution of the body, it is evident that a laige vanety of substances 
must be supplied to nourish the body adequately They aie — 
(1) Protein, the most impoitant constituent of meats (2) Carbo- 
hydrate, contained m starchy and sugary substances (3) Pats 
(4) "Water (5) Salts (6) Vitamins 

As originally pomted out by Liebig, food is necessary to build 
up tissue and to act as a source of energy The former function 
is more particularly the duty of the protein of the diet, the latter 
is performed for the most pait by the fats and carbohydrates 

The water is necessary to promote the solution of substances 
during absorption, metabolism, excretion, etc, while the salts and 
accessory substances act as general regulators of body processes 

It is also important that the foodstuffs should be provided in 
a digestible form As an instance of this many vegetables, peas, 
beans, lentils, contain even more protein than beef, but they are 
not so nutritious, as they are less digestible, much passmg out 
m the faeces unused 

The food also must have a certain minimum bulk, m order 
that it may stimulate the intestine and so be propelled along 
the gut Most natural foods contain a certain amount of indigest- 
ible material or roughage such as cellulose, which are not much 
affected by the digestive juices and which keep up the bup: 
of the intestinal contents Unfortunately, many modern foods, 
e g white flour, have this roughage removed by punfication, and it 
is claimed that this is responsible for constipation When such 
articles of diet are eaten the necessary roughage should be added 
in the form of fruits and vegetables which contain cellulose 

In considenng the amounts of the various body requnements 
we may roughly compare the body to a steam engine To 
maintain this m order it is necessary to supply it with fuel and 
also to repair worn parts The burning of the fuel gives r] p se 
heat and also generates the woik which it is the object oi the 
engine to accomplish Pood m relation to the body fulfils the same 

895 
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two uses, for it undeigoes combustion and thus the bodily heat is 
kept up, and work is rendered possible Food also achieves the second 
function, and supphes the material for the repair of the body's 
framework which undergoes wear and tear as a result of activity 
Here, however, the body is superior to the engine, m the case 
of the latter, repair has to be accomplished by means of “spare 
parts," or at any rate of material similar to those originally 
employed m the construction of the machine, the living body is 
able to utilise for repair certain materials, the protems, etc , m the 
food which are not identical with its own substance, but which 
are rendered identical by digestive and metabolic processes 


The Requirement of Protein 

How much protein is really necessary in the diet is a subject 
which has been much discussed and which is of considerable 
importance, since this constituent of the diet when taken as meat 
is much more expensive than the others and there is evidence that 
excess may be harmful in that it may throw unnecessary stram on 
the organs which have to deal with it 

When we take m piotein we do so essentially to replace tissue 
wastage which is indicated theoretically by the nitrogen excreted 
when no nitrogen is taken m the food, we must consider whether 
or not the minimum intake of nitrogen to replace nitrogen lost 
is really the optimum As we shall see, the form m which the 
nitrogen is taken is of great importance 

By far the most important experiments on this subject are those 
of Chittenden on himself, his colleagues, and his students, and on 
soldiers and athletes, over comparatively long periods of time The 
protein intake was reduced by half or less than half the quantity 
hitherto regarded as necessary The depreciation was followed by 
no untoward results, indeed, it was stated that the muscular force 
m an athlete was mcreased Mental activity was claimed to be 
undiminished, and the desire for rich food soon disappeared 

The important character of Chittenden's work gave the faddists 
on matters of diet an important opportunity of bemg hstened to 
There was, for instance, a group of these to whom the very necessary 
act of chewing assumed almost the nature of a religious ceremony, 
and they have sought to convince mankmd of its superlative 
importance 

There are in connection with the Chittenden diet several circum- 
stances that should make us pause before we accept his conclusions 
to the full Many people eat too much , would it be advisable for 
us all to eat too little, and is Chittenden's diet too scanty ? 

USTo doubt the over-eateis would benefit by eating too little for a 
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have, for instance, no knowledge of any storage places for protein, in 
the same way in which the liver and adipose tissue act as storehouses 
for carbohydrate and fat respectively But it is an undoubted factor 
all the same, many people have more of it than others, and this 
fC stamina,” as it is sometimes called, is a lucky possession for those 
who have it Research on immunity has, however, shown us that 
this is m part due to the condition of our leucocytes, and the opsonic 
power of the blood-plasma (see p 378 ) It may be that it is m this 
direction among others, that the abundance of protein food may 
assist us m repelling disease Each leucocyte may not require much 
m the way of repair every day, but it is more likely to be efficient 
if there is an abundant supply of repairing material available 

The Specific Dynamic Action of Protein — Protein has one 
property out of all proportion to that possessed by other foodstuffs 
it very largely increases the production of heat m the body People 
(as m Chittenden's experiments) on a low protein diet suffer intensely 
from the cold One can double the heat production m a dog by 
giving it a large quantity of meat This is because the cleavage 
products of protein, the amino-aeids or the ammonia pioduced by 
their metabolism, stimulate the production of heat Experiments 
with glycine and other ammo-acids have proved this fully In 
diabetes glycine is completely converted into sugar without under- 
going oxidation, and nevertheless an increase of heat production 
follows Hence it acts as a chemical stimulus to metabolism, and 
not m virtue of its energy-content This specific dynamic action 
of protein (Rubner), must not be lost sight of m settling the right 
amount which we should take in our daily food Roughly speaking, 
all the calories liberated m carbohydrate combustion may be used 
to pioduce work the figure m fat combustion is nearly but not 
quite so high, while only about 70 per cent of the protein calories 
are capable of conversion into any form of energy other than heat 
As we have already observed, the specific dynamic action of protein 
may vary m different individuals 

Sources of Protein — The mam source of protem is the flesh 
of animals and fishes, but we can also get protem m milk, cheese, 
eggs, potato, and flour, the legummous foods, peas, beans, lentils, 
also contam large quantities These useful vegetables contam as 
much protem as beef and mutton, and if properly cooked are almost 
as easily digested Nevertheless there are proteins and protems, and 
some are better adapted to animal nutrition than others, the most 
adaptable are those of animal origm , but there are some vegetable 
protems which are nearly equal to them, and of these the protem of 
potato stands pre-e mi nent , the pity of it is that the potato contams 
so little , but that little is good Certam foods have a higher biological 
value than others (see Irreducible Protein Minimum) 
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The war-time allowance of butchei’s meat was quite sufficient 
for physiological purposes, and the 1 eduction was of great benefit 
to those who had been big meat-eateis previously The diffeience 
between meats lies largely in their digestibility, te } the readiness 
with which the digestive juices can penetrate between their muscle 
fibres The white flesh of chicken and fish is consideied to be moie 
readily digestible and hence it is given m illness when digestion is 
unpaired From our knowledge of digestion we know, however, 
that the cooking is often quite as important as the choice of the 
article m promoting digestion 

Vegetarian Diet — The facts regaidmg the constitution of pioteins, 
m spite of the pleadings of vegetarians, go most emphatically to 
show that vegetable proteins are not so valuable as animal proteins, 
which contain more adequate amounts of the essential ammo-acids — 
a consideration which is specially impoitant m the young We 
shall also see later that the nitrogen requirement of the body is 
more readily supplied by meat, eggs, and milk than by any other 
source of protem Moreover, as we have already noted, vegetable 
proteins are less digestible as a rule 

The Place of Meat in a Dietary — Meat is eaten because it 
forms a concentrated form of easily digestible protem, and protem is 
the great repairer of tissue waste As a source of eneigy, it is 
about equal to carbohydrate and far inferior to fat, considering 
its price its use is theiefore not economical The man who works 
haid requires no more meat than the man in the aim-chair The 
“ Eoast Beef of Old England ” is really not the source of more energy, 
however much the contrary may be beheved by those ignorant of 
physiological principles An engme called upon to do more work 
does not necessarily want repair what it needs is more fuel (coal or 
petrol) The human engme, if healthy, is the same, the mvahds 
who do need repair are dealt with on different lines 

The Daily Calorie Requirement will depend on the size of the 
man and on variations m his activities, as is indicated by the 
study of the energy exchanges A man of average size who stays 
m bed for the twenty-four hours needs about 1700 large calories in 
the day to maintain his temperature and his respiration, to keep his 
heart beating, and so foith A larger man needs more, a smaller 
man less The remainder of the calorie supply m an active person 
can be utilised for the peiformance of work Most people happily 
do not spend their days m bed, and the old precept that if a man 
does not work neither shall he eat is seldom carried out m practice , 
but the converse that if he does work he should have more to eat is 
a sine qua non The peace time allowance for a man doing a day’s 
haid muscular labour is food equivalent to about 3500 calories, and 
under conditions of extreme work this may rise to 4000 m a day 
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or even higher Many people m the time of peace and plenty took 
food of this high calorific value even if they weie not hard workers, 
and it was such people who as a consequence put on weight , it was 
just these people who lost their extra weight during the rationing 
period of war time 

But the man who really is putting foith extra energy must 
either get it from an increase in his food intake, or fall back on his 
reserves of which the chief is m his adipose tissue So he becomes 
thin This reserve obviously will not last him for an indefinite 
time, so after a given period, if he still continues to work hard on 
insufficient food, the more precious protein reserves in his muscles 
and other tissues will suffer a harmful strain 

There are some even m the scientific world who seem almost to 
believe that the law of conservation of energy does not apply to the 
chemical changes in a living animal They cite instances of people 
who do a large amount of work, and do it upon what most would 
regard as an insufficient diet, without detriment or loss of body- 
weight If a man only receives food m the day of the energy 
value say of 1500 large calories, and the heat he produces and the 
work he does are equivalent to 2000 , then the additional 500 must 
have come from his internal resouices, and he must have used up 
some of the material formerly stored in his body This is as 
certain as is the fact that one and one make two It is quite 
conceivable that his body may not have lost weight, but nevertheless 
fat may have disappeared, and been replaced by an equivalent weight 
of water, and excess of carbohydrate food which usually is a character 
of the diets of such people is just the sort of diet likely to cause 
retention of water in the body 

Similarly there are some stout persons who try to disclaim all 
responsibility for their stoutness They should, howevei, be reminded 
that fat is composed of carbon, and the only way m which this gams 
access to the body is by the mouth. The more fat there is below 
the skm, the less easily does the individual lose heat, so the more 
difficult does it become for him to lose weight Dieting to be 
effective must be persisted in, but it must be effective if properly 
carried out It must, however, be granted to the too stout and the 
too thin that the basal metabolism and the extent to which it may 
be affected, eg by protein, varies appreciably m different persons 

The Balance of the Diet — As has been stated in the previous 
Chapter, each food constituent has a definite calorific value per 
gramme protein (m the body) 4 1 , carbohydrate 4 1 and fat 9 3 , 
but the relative amounts of each which may be taken depend 
largely on personal taste and on the actual articles of diet available 

The nutritive value of a diet depends chiefly on the amount of 
carbon and nitrogen it contains A man doing a moderate amount 



OH XXIV ] 


BALANCE OF THE DIET 


401 


of work and taking the usual diet will eliminate, chiefly from the 
lungs, m the form of caibon dioxide, from 250 to 280 giammes of 
carbon diem During the same time he will eliminate, chiefly in 
the form of urea m the urine, about 15 to 18 grammes of nitrogen 
These substances are derived partly from the food and partly fiom 
the metabolism of the tissues, various foims of eneigy — mechanical 
motion and heat being the chief — bemg simultaneously liberated 
During muscular exercise the output of carbon greatly increases, 
the increased excretion of nitrogen is not so noticeable Taking, 
then, the state of model ate exercise, it is necessary that the waste 
should be replaced by fresh material m the form of food , and the 
proportion of carbon to nitrogen should be the same as m the 
excretions 250 to 15, or 16 6 to 1 The proportion of caibon to 
nitrogen in protein is, however, 53 to 15, or 3 5 to 1 The extia 
supply of carbon must come from non-mtrogenous food — -viz, fat 
and carbohydrate 

Voit gave the following daily diet — 


Protein 

120 grms 

Fat 

100 „ 

Carbohydrate 

333 „ 

Ranke’s diet closely resembled Yoit’s, it is — 

Protein 

100 grms 

Fat 

100 „ 

Carbohydrate 

250 „ 


Such typical diets as these must not be considered as more than 
rough averages of what is necessary foi a man in the course of the 
day Actual experience shows that in the diets of different nations 
there are considerable variations from this standard without the 
production of ill effects Age, and the amount of work done, also 
influence the amount of food necessary, growing children, for 
instance, require a relatively rich diet, thus, milk, the diet of the 
infant, is proportionally twice as rich in proteins, and half as rich 
again in fats, as the normal diet given above 

This balance depends largely on the physical characteristics of 
the foods For example, it would be theoretically possible to supply 
all the calories m the form of meat, but it would requne some six 
pounds, and clearly the quantity would become unpalatable Fat is 
essential when large amounts of physical work aie bemg done If 
this constituent of the food is reduced, disagreeably large quantities of 
the other foods have to be taken to make up the lequired calories 
The British System of Rationing— The civilian ration during 
the war was below the 3000 level for those not engaged in severe 
physical work There is no doubt that the civilian population here 
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cheerfully put up for a time with such a trivial hardship m order 
that active workers (munitioners, labourers, and men at the front) 
might get the share they leally needed There was the amplest 
scientific justification for the increased bacon ration allowed to 
manual labourers Bacon is chiefly fat, and fat, as we have seen, 
is a condensed form of fuel, and it is this which is so necessary 
for stokmg up the furnace when extra expenditure of energy is 
needed The military ration, however, exceeded 4000 

Rations for Brain-workers — The brain works economically 
any measurable increase in energy-output is negligible, and so it 
may be at once said that the brain- workei requnes no increased 
intake of food The food must naturally be easily digestible, 
one cannot expect a man to do good mental work who is suffer- 
ing from the pangs of dyspepsia, but beyond this anything further 
is unnecessary 

The Salt Requirement 

It is not necessary to do more at the present stage than to 
mention the salt requirement of the diet, since the average diet 
contains adequate amounts of all the necessary salts This is, 
however, not always so For example, m some areas the iodine 
content m the ordmary foods is deficient and goitre results The 
iodine is necessary foi the formation of thyioxme (qv) Excess 
of calcium and of certain fats may interfere with the metabohsm 
of iodine, or the activity of micro-organisms may interfere with 
its absorption from the intestine Amongst the other essential 
salts of the diet is calcium , necessary for the bones, for blood 
clotting, and for cardiac contraction Calcium absorption is reduced 
when there is deficiency of vitamm D or of sunlight, and rickets 
may result Phosphorus is required for the bones, foi the buffers of 
the blood and, possibly, for intestinal movements , iron for the red 
blood - corpuscles Although, like iodine, iron may be present m 
sufficient amount m the diet, it is not necessarily properly absorbed, 
and red blood-corpuscles may be deficient (i e anaemia) as a result 
More recently it has been shown that minute quantities of copper 
influence the metabohsm of iron 

Under certain conditions even sodium chloride may become 
deficient, as m the excessive sweating of certain occupations The 
excessive loss of sweat causes excessive loss of salt, and serious 
symptoms, which are alleviated by the drinking of salt solutions, 
may result 

The Water Requirement 

Water is necessary for the solution of the foodstuffs prior to 
absorption in the blood - stream Lack of fluid with meals may 
lead to lack of absorption of food Water is necessary for a large 
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number of body piocesses and, if insufficient, may lead to unfoitunate 
results 

When sweating is excessive, m order to cool the body, the uime 
may become so concentrated that piecipitation of ceitam of its 
salts may occur and eventually, on frequent repetition of the piocess, 
“ stone” may be formed m the uimary passages Oidinanly, we 
must remembei, that in addition to the watei which we take as 
such, we pioduce large quantities in the oxidation of the hydrogen 
of the foodstuffs , glucose produces more than half its weight^ of 
water From a study of the water content of the various foods 
it is seen that some contain laige quantities of water as such, 
indeed, the major part of most fiuit and vegetable is water 

Vitamins 

Although a diet may be adequate fiom the point of view of 
protein, carbohydrate and fat, it has now been definitely established 
that certain accessory food substances are necessary m the diet to 
maintain good health, especially of growing animals Experience 
gained m expeditions, m the old sailing ship days, and of the 
health of prisoners, had long indicated tins It was not, howevei, 
until Eijkman, from his experience of prison diets, and, mdependently, 
Hopkins, from his investigation of restucted diets m relation to the 
essential ammo-acids, placed the subject on an experimental basis that 
the importance of these accessory food factors was fully appreciated 

The factors (erroneously called vitamins, because they were first 
thought to be amines) are, for the most part, products of the plant 
world, and from this source they are acquired by animals Though 
they are chemically obscure, they may be distinguished by differences 
m their source, m their action and m the maladies (deficiency diseases) 
which result from their absence It is customary to name those 
recognised as A, B, C, D, and E A, D, and E are soluble m fats, 
B and C m water, the other great solvent in the body 

The Fat-Soluble Vitamin A — The ongmal source is the green 
plant, whence it is acquired by animals, and becomes dissolved m 
their fat Thus it is present m milk and butter, provided the 
cows are fed on green food Animals have the power of storing the 
vitamin m their livers from winch it may be obtained m the oil 
The oils of fishes which feed on green plant organisms m the sea, 
directly or by eating smallei fishes which do, are particularly rich 
m the vitamin Hence the virtue of cod-liver oil Butter substitutes, 
such as margarines made from vegetable fats, have usually no vitamin 
A and little D Both A and D are present in egg yolk 

It is important to observe that vitamin A is very liable to 
destruction on heating, but it is now clear that this depends on 



404 


DIET 


[OH XXIV 


oxidation piocesses Milk can, therefore, be sterilised at quite high 
temperatures in an autoclave (air free) without losing its vitamin, 
which, however, is destroyed by ordinary boiling Speaking generally, 
condensed milk still has enough vitamin A, and dried milk also, 
provided the latter has been made by a process such as passing it over 
a heated drum, which dries without permitting too long exposure 

Deficiency in vitamin A leads to the lack of growth of young 
animals, which is eventually fatal, and to a greatly increased 
tendency to bacterial infection, especially of the eyes Degeneration 
of the spinal cord, intei ference with repioduction, and keratmisation 
of epithelial cells causing xerophthalmia may also occui 

It has been observed, especially by Steenbock, that a close 
parallel exists between the potency of vitamin A in many foods 
and the content of yellow fat-soluble pigment, and it has been 
found that the colour tests given by vitamin A are also given by 
the pigment carotene On investigation it has been shown that 
the administration of carotene causes the characteristic blue colour 
with antimony trichloride to appear m the livers and to prevent 
infection m rats fed on a diet deficient m vitamin A The results 
suggest that carotene is converted into the vitamin m the liver, 
or else that the growth-promoting potency of both the pigment 
and the livei oil is due to the same intensely active substance 
m both 

The Antirachitic or Calcifying Vitamin D, and Sunlight — 

This vitamin has the same source as vitamin A, but may be dis- 
tinguished from the latter by the fact that it is less easily oxidised , 
for example, cod-liver oil if exposed to the action of oxygen at 
100° C for twenty-eight hours loses its power to cure xerophthalmia 
m rats while the action of vitamin D remains Butter, on the other 
hand, is less active than cod-liver oil m curing rickets, although 
more effective m curing xerophthalmia Vitamin A may also be 
distinguished by the fact that it gives a blue colour with arsenic 
chloride (Bosenheim and Drummond) Vitamin D is present m 
small quantities in vegetable oils which contain no vitamin A 

Vitamin D has a particular relation to sunlight From this 
point of view, the milk of a cow is much impioved by sunlight, and it 
has now been established that irradiation by ultra-violet light, which 
destroys vitamm A, may cause the production of vitamin D This 
may be brought about by the irradiation of substances m which the 
vitamm has been previously destroyed, or of ergosterol (one of the 
sterols which occurs as an impurity m cholesterol and which was 
first obtamed from ergot) This vitamm is present in yeast and a 
wide range of lower plants when fresh, but they rapidly lose their 
vitamm when cut 

The absence of vitamm D or of sunlight leads to imperfect 
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calcification of the bones (tickets), and of the teeth (May Mellanby) 
In tickets the bones ate so soft that the legs bend under the weight 
of the body Theie is lowered calcium and phosphate (1 5 mg pei 
100 c c instead of 5 mg ) m the blood The bones of lachitic 
animals will calcify if incubated in normal seium, but not in rachitic 
serum, showing that the bone has the powei to calcify if the salts 
are available 

The function of the vitamin is, appaiently, to coirect any 
improper balance between the calcium and phosphoius intake, and 
the greater the disproportion of these two elements the moie 
important the vitamin, but even if these substances aie present m 
proper amounts the vitamin is necessaiy The vitamin appears 
to increase the retention in the body of calcium which may be 
available in the food, and niay increase the amount of calcium 
absorbed by the intestine Hot long ago there were opposmg views 
on rickets and its treatment One group of workers insisted on the 
importance of diet (E Mellanby and others), and another insisted 
on exercise and sunlight (L Fmdlay, Paton) The discovery by 
Huldschidsky in 1919, that ultra-violet light would cure rickets 
and that vitamin D may be pioduced in foods by similar treatment, 
has shown that both were right In man, it is assumed that m some 
way the sunlight causes the production of the vitamin m a precuisor 
in the skm, for the feeding of excised human skin if nradiated 
will protect rats against rickets but not if not irradiated It 
seems most probable that the precursor of the vitamin is ergosterol, 
which is the only substance with this property which appears to 
depend on its molecular structure How this occurs is not yet 
clear, since the penetrating power of ultra-violet light is very poor, 
being only a millimetre Excess of the vitamin leads to excessive 
precipitation of calcium throughout the body (Kreitmai and Moll) 

Eecently Bourdillon and his co-workers at the National Institute 
for Medical Eesearch have succeeded by special distillation m 
preparing a pure crystalline substance “calciferol,” which has all 
the properties of vitamin D 

Vitamin E — The third fat-soluble vitamin is made by plants, 
and the best-known source of it is an oil exti acted fiom sproutmg 
wheat germs, but it is present m many vegetable oils, eg olive oil 
There is a little m animal fats Its absence lesults m sterility in 
rats otherwise fertile This is due m the female to failure of the 
foetus to glow normally, although the mother appears to be normaL 
In the male there is degeneration of the testis An intei estmg 
observation is that of Verzar who has found that the mtraperitoneal 
injection of the vitamin has a similar effect in rats to the injection of 
an extract of the anterior lobe of the pituitary body, and it is suggested 
that the vitamin is necessary for normal pituitary function 
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The Vitamin B complex — Ongmally there was thought to be 
only one vitamin B, but now it has been found that from similar 
sources seveial vitamins are obtained They have been classified by 
the Biochemical Society 

The Water-Soluble Antmeuritic Vitamin B 1 — This vitamin 
is contained in the outer layer of seeds, which layer contains 
the embryo plant, and may be removed m milling It is therefore 
practically absent in white flours, but present m wholemeal flours 
Since it is fairly resistant to heat, it survives ordinary baking, 
provided the temperatuie does not go above 100° 0 The vitamin 
is also present m the yolk of eggs but not m the white, and milk 
and meat contain very little Some commercial preparations are 
made from yeast, a rich souice of this vitamin 

It was observed by Eijkman in Java, that the use of polished 
nee led to the production of a polyneuritis, both m man and m 
pigeons, although the diet was apparently otherwise adequate In 
man, the disease is known as ben-ben The addition of the rice 
polishings, or of aqueous extracts of these to the diet, cured and 
prevented the condition It should, however, be remarked that 
ben-ben is not always cured by vitamin B administration (MacBobert) 
for reasons which have not yet been explained Peters has succeeded 
m extracting from yeast a product of which 0 0003 gi per day 
protects pigeons against neuritis 

The neuntis, which results m paralysis of muscles and anaesthesia, 
has led to the vitamin bemg known as the antmeuritic one It 
has been claimed (but this has not been found by Drummond 
and his co-workeis) that m the disease the muscles have a reduced 
power of oxidation, that there is a degeneration of the tissues, and 
that there is a deciease of male progeny when the abnormal male 
is mated with the normal female 

According to M'Oarrison, deficiency of this vitamm causes an 
increase m the size of the suprarenal and is responsible for much 
general malaise and lack of vigour m man It is claimed also that 
deficiency m this vitamin results in a loss of tone of the gastro- 
intestinal muscles 

Vitamin B2 — The Pellagra-preventing, Antideimatitis factor is 
thermo-stable and is not present m alcoholic extracts of yeast like 
vitamin B 1 Its source is similar but not identical with B 1 It 
is, for example, present m egg white 

If absent from the diet of the rat there is a characteristic 
dermatitis and loss of hair In man the condition of pellagra is 
very similar It is a disease of hot countries, which is characterised 
by dermatitis, great intestinal distuibance, diarrhoea and degeneration 
of the bowel- wall The epithelium is shed also from the tongue 
There is also general impairment of the nervous system The 
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evidence that the diseases are identical is, howevei, by no means 
conclusive Pellagia certainly lesults fiom a pool diet and mild 
cases have been cured by the vitamin Other cases, however, 
have not 

In addition there have been described 

B 3, which is heat labile, present m yeast and whole wheat, necessary for full 
normal growth of the pigeon 
B 4, heat and alkali labile, necessary for the rat 
B 5, necessary for weight maintenance m pigeon 
Factor Y— which is heat and alkali stable— absent from egg white 
All the above are found in yeast °° 

The W ater-Soluble Antiscorbutic Vitamin C — This vita min 
is contained in fiesh fruit and vegetables and in green leaves and 
germinating seeds , m the days of sailing ships the absence of such 
substances led to scurvy, the curse of the Navy and Mercantile 
Marine, and of expeditions The vitamin is easily oxidised, especially 
in alkaline solution and if cooking is prolonged, as in stews It 
is more resistant in acid solution, hence, is less hable to be destroyed 
m cooking when acid Curiously enough, West Indian limes are 
deficient in this vitamm and the substitution of lime-juice for 
other fruits led to many outbreaks of scurvy Oranges and lemons 
are good sources 

Scurvy is characterised by great weakness, tendency to fractures 
and haemorrhage, especially from the gums with loosening of the 
teeth, it is accentuated by hard physical work In recent times 
it was studied at the siege of Kut A similar condition, infantile 
scurvy, may occur m infants fed on proprietary foods 

Zilva has extracted from lemon -juice a product of which 
0 00045 gr per diem will prevent scurvy m guinea-pigs 

The Standardisation of Vitamins — In order to deteimme the 
amount of vitamin m a given foodstuff it is necessary to find out 
the minimum amount of the foodstuff which will just prevent a 
particular deficiency disease in an animal placed on a diet sufficient 
m every other way For example, to study vitamin A, rats are fed 
on caseinogen to supply protein, starch, salt mixtures, and substances 
containing all the vitamins except A 

The whole subject of vitamins is of national importance, and 
it is evident that many classes of the community do not obtain 
the infinitesimally small amounts necessary to maintain good health , 
although they may avoid gross disease many indefinite indispositions 
may be related to the absence or deficiency of these substances 

Vitamins and Human Diets — The following statement is 
taken fiom a recent Medical Eesearch Council Report — “ So far 
as Western civilisation is concerned it is no doubt true that the 
rareness of the occurrence of frank deficiency diseases such as 
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scurvy, xerophthalmia, and ben-ben indicates that an absolute 
deficiency of vitamins scarcely ever exists m the individual diet 
“ On the other hand, it is now becoming geneially lecognised that 
much subnormal health and development, and even incidence of 
disease, are associated with a paitial deficiency of one 01 more of 
these accessory substances The influence of such paitial deficiencies 
even when relatively slight may be extremely serious when they 
occur m eaily life and, if we may judge fiom the results of expen 
ments on animals, an adequate supply of these indispensable dietary 
components later m life may fail to make good the damage caused 
by a deficiency m youth ” The report gives numerous examples of 
the occurrence of such deficiency disease, latent or actual, when for 
one reason or another patients have been placed on special diets 
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CHAPTER XXV 


food 


The chief chemical compounds or pi animate pi maples m food 
are — 

1 Proteins 

2 Carbohydrates 

3 Fats 

4 Water 

5 Salts 


organic 


j- inorganic 


In milk and in eggs, which form the exclusive foods of young 
animals, all varieties of these proximate principles are present in 
suitable proportions Hence they are spoken of as peifeet foods 
Eggs, though a perfect food for the developing bird, contam too little 
carbohydrate for a mammal In most vegetable foods caibohydrates 
are m excess , while in animal foods, such as meat, the protems are 
predominant 

Milk 


Milk, which we have already spoken of as a perfect food, is only 
so for young children For those who are olclei, it is so volummous 
that unpleasantly large quantities of it 
would have to be taken in the course 
of the day to ensure the proper supply 
of nitrogen and carbon Moreover, it 
is relatively too rich in protein and fat 
It also contains too little iron (Bunge) 
so i (that children weaned late become 
anaemic 

The microscope reveals that milk 
consists of two parts a clear fluid and 
a number of minute particles that float 
m it These consist of minute oil 
globules, varying in diameter from 
0 0015 to 0 005 millimetre (fig 174) 

The milk secreted during the first 
few days of lactation is called colostrum 



Fig 174 —Globules of cow s milk x 400 


This is considered to be of 


value m relation to infection It contains very little caseinogen, but 
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large quantities of albumin and globulin instead Microscopically, 
cells from the acini of the mammary gland are seen, which contain 
fat globules m their interior, they are called colostrum corpuscles 
Reaction and Specific Gravity — The reaction of fresh cow’s 
milk and of human milk is amphoteric This is due to the presence 
of both acid and alkaline salts All milk readily turns acid or sour 
as the result of fermentative change, part of its lactose being trans- 
formed into lactic acid The specific gravity of milk is usually 
ascertained with the hydrometer That of normal cow’s milk varies 
from 1028 to 1034 When the milk is skimmed the specific gravity 
rises, owing to the removal of the light constituent, the fat, to 1033 
to 1037 In all cases the specific gravity of water is taken as 1000 
Composition — The following table (Bunge) contrasts the milk 
of woman and the cow , but it must be understood that these are 



Woman 

Cow 

Pirotems (casemogen and albumin) 
Butter (fat) 

Lactose 

Salts 

Per cent 

1 7 

3 4 

6 2 

0 2 

Per cent 

3 5 

3 7 

4 9 

0 7 


average figures and are not strictly applicable to any particular 
individual Thus, for example, the Frisian cow produces a more 
plentiful but more dilute milk than an Ayrshire cow — and human 
milk varies fiom time to time m the same individual Hence, in 
feedmg mfants on cow’s milk, it is necessary to dilute it, and add 
sugar and a little cream to make it approximately equal to natural 
human milk 

The Proteins of Milk — The principal protem in milk is called 
casemogen , it is precipitable by acids such as acetic acid, and also by 
saturation with magnesium sulphate, or half saturation with ammonium 
sulphate, so resemblmg globulins, it is coagulated by rennet to 
form casern Cheese consists of casein with the entangled fat 
The other protem m milk is lact-olbumm It is present m small 
quantities only, it differs m some of its properties (specific lotation, 
coagulation temperature, etc) from serum-albumin Human milk 
contains more than cow’s 

The Coagulation of Milk — Rennet (renmn) is the agent usually 
employed for this purpose it is an enzyme secreted by the stomach, 
especially m sucking animals, and is geneially obtained from the 
calf 

The curd consists of the casern and entangled fat the liquid 
residue called whey contains the sugar, salts, and albumin of the milk 
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It is doubtful if cuidling is a chemical piocess It may be mainly 
a physical (colloidal) change 

The addition of lennet pioduces coagulation m milk, provided 
that a sufficient amount of calcium salts is piesent If the calcium, 
salts are precipitated by the addition of potassium oxalate, rennet 
causes no formation of casein The process of curdling in milk is a 
double one, the fiist action due to lennet is the pioduction of a 
change in casemogen, the second action is that of the calcium salt 
which precipitates the altered casemogen as casern In blood, also 
calcium salts, as we have seen, are necessary for coagulation 

Casemogen is a phospho-protem (see p 310) In milk it ls 
combined with calcium to form calcium casemogenate , when acetic 
acid is added, we therefore get calcium acetate and free 
casemogen 

The Fats of Milk — The chemical composition of the fat of milk 
(butter) is very like that of adipose tissue There are, however 
small quantities of fats derived from fatty acids lower m the 
senes, especially butyrm and capiom Each fat globule appears to 
be surrounded by a film of protein (Eamsden) Milk also contains 
small quantities of lipides (lecithin, cholesterol, and a yellow fatty 
pigment or lipochrome) 

Lactose, or Milk Sugar — This is a disacchande (C 12 H 22 O n ) It s 
properties have already been described m Chapter XX, p 301 

Souring of Milk — When milk is allowed to stand, the chief 
change which it is apt to undergo is a conversion of a part of its 
lactose mto lactic acid This is due to the action of micro-organisms, 
and would not occur if the milk were contamed in closed sterilised 
vessels This observation is of great historical mterest as Lord 
Listei used it as his example of bactenal action m his first lecture 
m London at King’s College When sourmg occurs, the acid formed 
precipitates a portion of the casemogen This must not be confounded 
with the formation of casern from casemogen, which is produced by 
rennet There are, however, some bacteria which, like rennet, produce 
true coagulation 

Tlie Salts of Milk — The prmcipal salt present is calcium 
phosphate , a small quantity of magnesium phosphate is also present 
The other salts are chiefly chlondes of sodium and potassium. 

It appears that milk is deficient m iron The young animal 
obtams its iron from the placenta of the mother, and it has been 
suggested that females store iron in the hver for this puipose This 
iron deficiency renders milk an mcomplete food durmg adolescence 
although suitable for the very young 

It is an undoubted fact that the milk provided by Xature for 
the growmg offspring is different m the various orders of the 
mammalia The quantitative variations are often enormous, and it 
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has been shown that the milk best adapted foi the nutrition of the 
young animal is that which comes from its mother, or, at least, from 
an animal of the same species The practical application of this 
rule comes home to us when we deal with the feedmg of childien, 
and it is universally acknowledged that, aftei all, cow’s milk is but 
a poor substitute for human milk Cow’s milk is, of couise, diluted, 
and sugar and cream added, so as to make it quantitatively like 
mother’s milk, but even then the question arises whether the 
essential difference between the two kinds of milk is not deeper than 
one of mere quantities , and, in particular, the pendulum of scientific 
opinion has swung backwards and forwards m 1 elation to the 
question whether the principal protem, called casemogen m both, is 
really identical m the two cases The casemogen of human milk 
curdles in small flocculi in the stomach, so contrasting with the 
heavy curd which cow’s milk forms , and even although the curdling 
of cow’s milk be made to occur m smaller fragments by mixing the 
milk with barley water or lime water, its digestion proceeds with 
comparative slowness in the child’s ahmentary canal These are 
practical pomts well known to every clinical observer, and m the 
past they have been attributed, not so much to fundamental 
differences m the casemogen itself, as to accidental concomitant 
factors , the excess of citric acid m human milk, for instance, and its 
paucity m calcium salts, have been held responsible for the 
differences observed m the physical condition of the curd and m its 
digestibility The lact-albumm of cow’s milk is often responsible 
for eczema m children 

This question is far from settled even to-day, but there are some 
data now available that point to a qualitative difference between 
casemogens Some of these depend on the application of the 
" biological test ” carried out on the line of immunity experiments, 
which has been so signally successful m the distinction between the 
blood-protems of different species of animals (see p 379) Moreover, 
some observers have stated that human casemogen contains a 
carbohydrate complex which is absent from that of the cow, but the 
whole question needs remvestigation 

The Mammary G-lands 

The mammary glands are composed of large divisions or lobes, and these are 
again divisible into lobules , the lobules are composed of the convoluted and dilated 
subdivisions of the mam ducts held together by connective tissue Covering the 
general surface of the gland, »with the exception of the nipple, is a considerable 
quantity of fat, itself lobulated by sheaths and processes of areolar tissue (fig 175) 
The mam ducts of the gland, fifteen to twenty in number, called the lactiferous 
ducts, are formed by the union of the smaller (lobular) ducts, and open by small 
separate orifices thiotigh the nipple At the pomts of junction of lobular ducts to 
form lactiferous ducts, and just before these enter the base of the nipple, the ducts 
are dilated , and during the period of active secretion by the gland, the dilatations 
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form reservoirs for the milk, which collects m and distends them The walls of 
the gland-ducts are formed of areolar with some unstriped muscular tissue, 
and are lined internally by short colu mn ar and near the nipple by flattened 
epithelium 

The nipple is composed of areolar tissue, and contains unstriped muscle fibres 
Blood-vessels are also freely supphed to it, so as to give it an erectile structure On 



Fig 175 —Dissection of the lower half of the female mamma, during the period of lactation § —In the 
left-hand side of the dissected part the glandular lobes are exposed and partially unravelled , and 
on the right-hand side, the glandular substance has been removed to show the reticular loculi of 
the connective tissue m which the glandular lobules are placed 1, upper part of the mamilla or 
nipple , 2, areola, 8, subcutaneous masses of fht , 4, reticular loculi of the connective tissue which 
support the glandular substance and contain the fatty masses , 5, one of three lactiferous ducts 
shown passing towards the nipple where they open , 6, one of the sinus lactei or reservoirs , 7, 
some of the glandular lobules which have been unravelled , 7 ; , others massed together (Luschha ) 

its surface are very sensitive papillae , and around it is a small area or areola of 
pink or dark-tinted skin, on which are to be seen small projections formed by 
minute secreting glands 

Blood-vessels, nerves, and lymphatics are plentifully supphed to the mam- 
mary glands , the calibre of the blood-vessels as well as the size of the glands, 
vary greatly under certain conditions, especially those of pregnancy and lactation 
The alveoli of the glands during the secretmg periods are found to be lmed 
with short columnar cells (see fig 176) The edges of the cells towards the lumen 
may be irregular and jagged, and the remainder of the alveolus is filled up with 
the materials of the milk, During the intervals between the acts of discharge, 
the cells of the alveoli elongate towards the lumen, their nuclei divide, and m 
the part of the cells towards the lumen a collection of oil globules and of other 
materials takes place * 

The next stage is that the cells divide and the part of each towards the 
lumen containing a nucleus and the materials of the secretion, disintegrates and 
goes to form the constituents of the milk. In the earlier days of lactation, epithelial 
cells only partially transformed are discharged in the secretion , these are termed 
colostrum corpuscles 

During pregnancy the mammary glands undergo changes ( evolution ) which are 



416 


FOOD 


[CH XXV 

readily observable They enlarge, become harder, and more distinctly lobulated , 
the veins on the surface become more prominent The areola becomes enlarged 

and dusky, with projecting papillae , the nipple, too, 
becomes more prominent, and milk can be squeezed 
from the orifices of the ducts This is a very 
gradual process, which commences just after con- 
ception, and progresses steadily during the whole 
period of gestation In the gland itself solid 
columns of cells bud off from the old alveoli to 
form new alveoli But these solid columns after 
a while are converted into tubes by the central 
cells becoming fatty and being discharged as the 
colostrum corpuscles above mentioned After the 
end of lactation, the mamma gradually returns to 
its original size (involution) The acini, m the 
early stages of mvolution, are lined with cells m 
all degrees of vacuolation As involution proceeds, 
„ „ „ A , the acini dimmish considerably m size, and at 

of tatoMhowing^ SrXlSmth * a mosalc of epithelial cells 

epithelial cells of a short columnar (twenty to thirty m each acinus), we have five or 
form x 200 (V D Hams ) six nuclei (some with no surrounding protoplasm) 
lying in an irregular heap within the acinus No 
secretory nerves of the mammary gland have yet been discovered It is possible 
they do not exist, and that the normal stimulus to mammary activity is a chemical 
one brought about by the ovary 

Eggs 

The chief constituent of the shell is calcium carbonate The 
white is composed of a richly protein fluid enclosed m a network of 
firmer and more fibrous material 

The amount of solids is 13 3 per cent , of this, 12 2 is protein m nature (egg- 
albumin, with smaller quantities of egg-globulm, and of a mucinoid substance called 
ovo-mucoid), and the remainder is made up of sugar (0 5 per cent ), traces of fats, 
lecithin, and cholesterol, and 0 6 per cent of inorganic salts 

The yolk is rich m food materials for the development of the 
future embryo especially a phospho-protem called mtelhn 

The nutritive value of eggs is high, as they are so readily 
digestible, but the more an egg is cooked the more insoluble do 
its protein constituents become 

Meat 

Meat is composed of the muscular and connective (including 
adipose) tissues of certain animals The flesh of some animals is 
not eaten This is largely a matter of fashion and of flavour 

Meat is the most concentrated and most easily assimilable of 
nitrogenous foods It is our chief source of nitrogen Its chief solid 
constituent is protein, and the prmcipal protein is myosin In addition 
to the extractives and salts contamed in muscle, there is always a 
certain percentage of fat, even though all visible adipose tissue is 
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dissected off The fat-cells are placed between the muscle-fibres, 
and the amount of fat so situated varies m different animals j it is 
particularly abundant in pork , hence the mchgestibility of this form 
of flesh the fat prevents the gastnc juice from obtaining ready access 
to the muscle-fibres 

The following table gives the chief substances m some of the 
principal meats used as food 


Constituents 

Ox 

Calf 

Pig 

Horse 

Fowl 

Pike 

Water 

76 7 

75 6 

72 6 

74 3 

70 3 

79 3 

Solids 

23 3 

24 4 

27 S 

25 7 

29 2 

20 7 

Proteins, including gelatin* 

20 0 

19 4 

19 9 

21 6 

22 7 

IS 3 

Fat 

1 5 

1 2 9 

6 2 

2 5 

4 1 

0 7 

Carbohydiate 

0 6 

0 S 

0 6 | 

0 6 

1 3 

0 9 

Salts 

1 2 

1 3 

1 1 

1 0 

1 1 

0 S 


* The flesh of young animals is richer m gelatin than that of old, thus 1000 
parts of beef yield b, of veal 50, parts of gelatin 


The large percentage of water in meat should be particularly 
noted, if a man wished to take his daily supply of 100 grammes of 
protein entirely in the form of meat, it would be necessary for him 
to consume about 500 grammes ( %e a little more than 1 lb) of 
meat 


Flour 

White wheat flour is made from the interior of wheat grams, 
and contains the greater proportion of the starch of the gram and 
most of the protein Whole flour is made from the whole gram 
minus the husk, and thus contains not only the white mterior but 
also the harder and browner outer portion of the giam and the 
germ or embryo plant This region contams a somewhat larger pro- 
portion of protein Whole flour contams 1 to 2 per cent more 
protem than the best white flour, but it has the disadvantage of 
being less readily digested Brown flour contains a certain amount 
of bran m addition , it is still less digestible, but is useful as a 
mild laxative, the insoluble cellulose mechanically stimulatmg the 
mtestmal canal as it passes along 

The best flour contams very little sugar The presence of sugar 
indicates that germination has commenced m the grams In the 
manufacture of malt from barley this is purposely allowed to 
go on 


O 
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When mixed with water, wheat flour forms a sticky, adhesive mass 
called dough This is due to the formation of gluten Gluten is a 
mix ture of two protems — namely, gliadm, which is soluble m alcohol, 
and gluterun, which is soluble m alkali The adhesive character 
of gluten is due to gliadm, giams which are poor m gliadin (eg rice) 
cannot be used for bread-making 

The following table contrasts the composition of some of the 
more important vegetable foods — 


Constituents 

Wheat 

1 

Barley 

Oats 

Rice 

Lentils 

Peas 

Potatoes 

1 1 

Water 

13 6 

i 

13 8 

12 4 

13 1 

12 5 

14 8 

76 0 

Protein 

12 4 

111 

10 4 

7 9 

24 8 

23 7 

2 0 

Fat 

! 1 4 

1 2 2 

5 2 

0 9 ! 

1 9 

1 6 

0 2 

Starch 

67 9 

64 9 

57 8 

76 5 

54 8 

49 3 

20 6 

Cellulose 

1 25 

5 3 

11 2 

0 6 

1 36 

75 

0 7 

Mineral salts 

! 18 

! 

1 2 7 i 

| i 

3° 

10 

I 2 4 

31 

1 0 


We see from this table — 

1 The great quantity of starch always present 

2 The small quantity of fat , that bread is generally eaten with 
butter is a popular recognition of this fact 

3 Protein, except m potatoes, is pretty abundant, and especially 
so m the pulses (lentils, peas, etc ) The protein m the pulses is not 
gluten, but consists mainly of globulins 

In the mineral matters in vegetables, salts of potassium and 
magnesium are, as a rule, more abundant than those of sodium and 
calcium 


Bread 

Bread is made by cooking the dough of wheat flour mixed with 
yeast, salt, and flavouring materials An enzyme in the flour acts at 
the commencement of the process, when the temperature is kept a 
little over that of the body, and forms dextrin and sugar from the 
starch, and then the alcoholic fermentation, due to the action of the 
yeast, begins. The bubbles of carbonic acid, burrowing passages 
through the bread, make it light and spongy This enables the 
digestive juices subsequently to soak into it readily and affect all 
parts of it In the later stages, viz , baking, the temperature is raised, 
the gas and alcohol are expelled from the bread, the yeast is killed, 
and a crust forms from the drying of the outer portions of the dough 
White bread contams, in 100 parts, 8 to 10 of protem, 55 of 
carbohydrates, 1 of fat, 2 of salts, and the rest water 
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Cooking of Food. 

The cooking of foods is a development of civilisation, and selves 
many useful ends — 

1 It destroys parasites and danger of infection This relates 
not only to bacterial growths, but also to larger parasites, such as 
tapeworms and trichinae 

2 In vegetable foods it breaks up the starch grains, bursting the 
cellulose and so allowing the digestive juices to come into contact 
with the granulose 

3 In animal foods it converts the msoluble collagen of the 
universally distributed connective tissues into the soluble gelatin. 
The loosening of the fibres is assisted by the formation of steam 
between them By thus loosening the binding material, the more 
important elements of the food, such as muscle-fibres, are rendered 
accessible to the gastric and other juices Meat before it is cooked is 
generally kept a certain length of time to allow o igor mortis to pass off 

Of the two chief methods of cooking, roastmg and boiling, the 
former is the more economical, as by its means the meat is first 
surrounded with a coat of coagulated protein on its exterior, which 
keeps in the juices to a great extent, letting little else escape but the 
dripping (fat) Whereas in boiling, unless both bouillon and bouilk are 
used, there is considerable waste Cooking, especially boiling, renders 
the proteins more msoluble than they are in the raw state , but this 
is counterbalanced by the advantages which cooking possesses 

In making heef tea and similar extracts of meat it is necessary 
that the meat should be placed m cold water, and this is gradually 
and carefully warmed In boiling a jomt it is usual to put the meat 
into boiling water at once, so that the outer part is coagulated, and 
the loss of material minimised 

An extremely important pomt m this connection is that beef 
tea and similar meat extiacts should not be regarded as foods 
They are valuable as pleasant stimulating drinks for invalids, but 
they contain very little of the nutritive material of the meat, then- 
chief constituents, next to water, being the salts and extractives 
of flesh 

Soup contains the extractives of meat, a very small proportion of 
the myosin, and the principal part of the gelatin The gelatin is 
usually increased by adding bones and fibrous tissue to the stock It 
is the presence of this substance which causes soup when cold to 
gelatinise 

Adjuncts to Food 

Among these must be placed alcohol , the value of which within 
moderate limits is not as a food but as a stimulant, condiments 
(mustard, pepper, ginger, curry powder, etc), which are stomachic 
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stimulants, the abuse of which is followed by dyspeptic troubles, 
and tea , coffee, cocoa, and similai drinks, these are stimulants 
chiefly to the nervous system Tea, coffee, mate (Paraguay), guarana 
(Brazil), cola nut (Central Africa), bush tea (South Africa), and 
a few other plants used m various eountnes all owe their chief 
property to an alkaloid called theme 01 caffeine (C 8 H 10 lSr 4 O 2 ) , cocoa to 
the closely related alkaloid, theobromine (C 7 H 8 1SF 4 0 2 ) , coca to cocaine 
These alkaloids aie all poisonous, and used m excess, even m the form 
of infusions of tea and coffee, produce over-excitement, loss of diges- 
tive power, and other disorders well known to physicians Coffee 
differs from tea in being uch m aromatic matters, tea contains a 
bitter principle, tannin to avoid the injurious solution of too much 
tannin, tea should be allowed to infuse (draw) for a few mmutes only 
Cocoa is not only a stimulant, but a food m addition , it contams 
about 50 per cent of fat, and 12 per cent of protein In manufac- 
tured cocoa, the amount of fat is reduced to 30 per cent, and the 
amount of protein rises proportionately to about 20 per cent The 
quantity of cocoa usually consumed is too small for these food 
materials to count very much in the daily supply The amount of 
protein m solution (mainly proteose) in a breakfast cup of cocoa is 
under half a gramme, most of the foodstuffs are m suspension, for 
cocoa is drunk “ thick,” not as a clear infusion 

Gheen vegetables are taken as a palatable and valuable adjunct to 
other foods, rather than for their nutritive propeities (see Vitamins) 
Their potassium salts are, however, abundant Cabbage, turnips, and 
asparagus contain 80 to 92 water, 1 to 2 protein, 2 to 4 carbohydrates, 
and 1 to 1 5 cellulose per cent The small amount of nutriment m 
most green foods accounts for the large meals made by, and the vast 
capacity of the alimentary canal of, herbivorous animals 

Fruits , like vegetables, contain chiefly watei They contain also 
organic acids, eg citric and their salts, which become oxidised to 
carbonates in the body Fiuits therefore, with the exception of 
prunes and cranberries, promote an alkalinity of the body like a 
vegetable diet generally Fruits and vegetables aie also important 
sources of vitamins, and m virtue of their cellulose add appreciably 
to the bulk of the intestinal contents and so promote intestinal 
movements 
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CHAPTEB XXVI 


THE ALIMENTARY CANAL 

Having consideied the chemical nature of the body, we must now 
deal with the processes by which the various food substances as 
they exist m nature aie piepared for utilisation by the body for 
purposes of fuel, growth, and lepaii Many of the most important 
substances, eg fat, starch, protein, aie msoluble or cannot penetrate 
animal membranes, and would not, therefore, pass from the digestive 
tract into the blood or lymph. Their molecules have to be broken 
down into more simple and diffusible molecules before absorption 
can occur Sometimes a certain amount of preliminary mechanical 
disintegration is also necessary, eg the trituration of seeds m the 
gizzard of the bird To the whole process of breaking down of the 
foodstuffs the term digestion is apphed 

The chief chemical requirements of the body, as we have seen, are 
protems, fats, carbohydrates, salts, and watei, and with these the 
alimentary canal is specially adapted to deal Moreover, the food 
must have a certain minimum bulk, and contain vitamins 

For purposes of digestion, the food is received mto the alimentary 
canal which may vary m complexity from a simple tube in the 
lower animals to that found m mammals For practical purposes 
the contents of the canal aie physiologically outside the animal, 
% e , outside the tissues of the animal In man the alimentary canal 
consists of a long musculai tube lined by mucous membrane 
beg innin g at the mouth, and terminating at the anus It com- 
prises the mouth, pharynx, oesophagus or gullet, stomach, small 
intestine, and large intestine Opening mto it are numerous 
glands which pour juices mto it, these bring about the digestion 
of the food as it passes along Some of the glands, such as 
the gastric and intestinal glands, are situated m the mucous 
membrane which lines the canal, others, such as the salivary 
glands, liver, and pancreas, are situated at a distance from the 
mam canal, and pour their secretion mto it by means of side 
tubes or ducts 

The two impoitant coats m the wall of the canal are — 

(1) The Muscular Coat — This consists of two layers m the outei, 
the fibres are arranged longitudinally, and m the inner, circularly 

428 
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In the stomach theie is a thud coat, in which the fibies have an 
oblique direction At the cardiac onfice of the stomach (that is, 
where the oesophagus enteis) and at its pylonc onfice (that is, where 

the small intestine begins) the 
cncular fibies are increased m 
" amount to foirn a sphincter The 

muscle - fibres are of the plain 
vane tv, except in the pharynx 
and uppei pait of the oesophagus 
O wheie they are striated A 

neive plexus (plexus of Auerbach, 
\ p 498) is situated between the 

\ \/’ 'X two musculai coats 

\ \ (2) The Mucous Membrane — 

GB \ This consists of an epithelium on 

r\ Is/ its surface, this is stratified m 

\Jjl J / mouth, pharynx, oesophagus, and 

/ lower part of the anal canal, but 

f columnar in other parts Beneath 

the epithelium is a conum of 
connective tissue, m which there 

S j is lymphoid tissue, m the mtes- 

/ JS j tine the lymphoid nodules are 

\ / ( 1 often s P°^ en as so^ary 

> \ / < folhcles, except in the lower part 

) ) si \7 ( I ) of the small intestine (the ileum), 

AC ( | l )dc w h eie they aie congregated to- 

1 J \ 1 gather as Peyei’s patches At 

( ) f ) the back of the mouth, the tonsils 

) ; \ ( ) are masses of lymphoid nodules 

) \ \ ( { covered with mucous membrane 

\ \ l n deepest part of the mucous 

/ /W-^ membiane is a thm layer of 

m voluntary muscle called the 
U musculai is mucosae 

Fm ITT -Alimentary Canal Pt, parotid gland , These two mam COatS (iHUS- 

Sn'ffiier ,° Pm% b n a c 8 rels ^sr^an mtS’ cular and mucous) are connected 
^oi, A Dc“d“?“lDg IO cVto?’pa“X s to g ether b y a loose layer of 

colon , R, rectn C c ctum , A, appendix Connective tlSSUe knOWn as the 


colon , R, rectn C t ttum , A, appendix 


submucous coat In this the larger 
blood-vessels are situated which give off branches to the other two 
coats but more abundantly to the mucous membrane The sub- 
mucous coat also contains a nerve plexus called the plexus of 
Meissner In the stomach and intestines there is a fourth coat, on 
the extenor, denved from the pentoneum {serous coat) 
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The secreting glands in the wall of the alimentary canal aie — 

(1) A numbei of simple little mucous glands in the eormm of the 
mucous membrane of the mouth, pharynx, and oesophagus, their 
ducts open on the surface (see fig 178) 

(2) The gastric glands, these are tubulai glands which differ m 
structure in different regions of the stomach, and which we shall 
considei at greater length m our descuption of gastric digestion 


Fig 178 —Section of the mucous membrane and submucous coat of the cesophagus 
showing mucous glands 


(3) The glands of the small mtestme Thioughout the whole 
of the small mtestme there are a large number of simple tubular 
glands (lined with columnar cells) which open between the vlLIl 
They are called the crypts of Liebeikuhn In the first part of the 
small mtestme, known as the duodenum, an additional set of glands, 
called the glands of Brunner, is found They are embedded m the 
submucous coat, and the duct of each gland passes inwards to 
open on the surface of the mucous membrane Each gland is a 
branched and convoluted tube lined with columnar epithelium 
Fig 179 shows these two kinds of glands, and also the villi of the 

O 2 
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surface Figs 180 and 181 aie more highly magnified views of 
the villi, which increase the surface of the small intestine mainly 
for the pm pose of ahsoiption A villus is a small projection made 
of loose lymphoid tissue, covered with columnar cells , it contains 
in its interior a plexus of blood-capillaries undei the basement- 


? - 







Fig 179 —Vertical section /of duode- 
num, showing a, villi , ft, crypts 
of Lieberkuhn, and c, Brunner s 
glands m the submucosa s, with 
ducts, d, museulans mucosae, m 
and circular muscular coat, / 
(Schofield) 


Fio 130 —Vertical section of a villus of 
the small intestine of a cat a, 
Striated border of the epithelium , ft, 
columnar epithelium , c, goblet cells , 
d, central lymph vessel , e, smooth 
muscle hbres , f, adenoid stroma of 
the villus in which lymph corpuscles 
he (Klein ) 


membrane, and one or moie commencing lymphatic vessels or 
lac teals situated centially 

(4) Glands of the large intestine Here theie are no villi, but 
the crypts aie present and are larger than m the small intestine 
Many of the cells lining these tubes are seen breaking down to 
form goblet cells, and the mucus so furnished is of great impoitance 
The salts of the metals are also excreted 

All of^the foregomg glands are situated in the wall of the alimentary 
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canal Those situated at a distance flora it, and which pour their 
secretion into it by ducts, aie the salivary glands, liver and pancreas, 
and will be described in the chapters dealing with those organs 

Before studying the action of the digestive secretions on foods, 
we may consider some geneial questions relating to secreting organs 
It is the function of gland-cells to produce by the metabolism of 



B 

Fig 1S1 — A, Villus of sheep B, Villi of man (Slightly altered from Teichmann ) 

their protoplasm ceitam substances called secretions foi the purpose 
of serving some useful office m the economy, and those which are 
discharged from the body as useless or injurious 

Gland-cells also get nd of excretions These materials are not 
formed by the gland itself but are piefoimed m the blood They 
are simply discharged fiom the body as injurious 01 waste 
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CHAPTER XXY1I 


SECRETION 

As we have pointed out theie is pouied into the lumen of the 
alimentary canal a vanety of juices called secietions We shall now 
consider the nature of the secietoiy piocess m geneial, the details 
have been woiked out m the salivary glands since these are 
conveniently situated for investigation 

A secreting apparatus consists essentially of a layei of secretmg 
cells surrounding a central cavity into which the secretion is pouied 
The cells, which contain granules representing the piecuisors of the 
substances secreted, he on a basement-membrane m close relation to 
the blood-vessels which nounsh the gland and which piovide it with 
the raw materials of its secietion That the granules m the cells are 
not the actual substance secreted but a piecuisor has been shown by 
chemical means m the case of the glands of the stomach, and by the 
reaction to histological reagents m the case of mucus-secretmg glands 
If the substance secreted is an enzyme the precursor is teimed a 
zymogen Intervening between the blood and the gland -cells is 
the lymph 

Pig 182 semi-diagiammatically shows some of the more important 
anatomical distinctions in the form of secretmg glands, tubular, 
racemose, and so forth. 

The process of secretion consists of a number of events which 
may be divided mto two categories 

1 The transference of water and certam substances dissolved 

m the watei from the blood of the sui rounding capillaries 
to the lumen of the acinus 

2 The modification of the chemical ‘composition of this solu- 

tion either by the addition to it of substances manu- 
factured by the gland-cells, and by the prevention of 
substances m the lymph from travel smg the gland-cell 
and reaching the lumen 

The Nature of the Process of Secretion, 

Grieat interest has always been aioused by the problem of secretion, 
as it is one of those piocesses m the body which at first sight might 
be explamed on a physico-chemical basis, but which on further 

481 
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analysis is shown to be \eiy much moie complicated From a study, 
largely ot the secietion of saliva, ceitam facts haxe been established 
m i elation to secietion m geneial (1) The osmotic piessuie of the 
saliva is less than that of the blood, so that physically, watei would 


A 





Fig 1S2 —Diagram of tjpes of secreting glands a, Simple glands, viz , g, straight 
tube, h , sac, % > coiled tube b, Multilocular crypts, h, of tabular form, l, 
saccular c, Racemose, or saccular compound gland, to, entire gland, showing 
branched duct and lobular structure, n , a lobule, detached with o, branch of 
duct proceeding from it d, Compound tubular gland (Sharpey ) 

tend to pass from the saliva into the blood for leasons which 
have already been discussed, (2) the pressure of the secietion 
in the duct of the gland may exceed the blood-pressure, and (3) 
substances occur m the secretion in greater concentiation, eg 
enzymes, than they do in the blood, or substances may be elaboiated 
which do not exist in the blood as such at all, e g the hydrochloric 
acid of the stomach These last two facts dispose of any contention 
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that the secretion is meiely filteied off k fiom the blood by a physical 
piocess (4) On the other hand, it can be shown that any mci eased 
concentiation of the blood, laising the osmotic piessuie of the 
blood, reduces secretion (5) Finally, it has been shown that the 
more active the gland is the moie oxygen is consumed, and it 
is evident that the gland uses fuel and does work m a physical 
sense 

If the salivaiy glands are examined histologically, granules can 



be seen to accumulate m the cells of the gland duiing rest, and 
dunng secretion the granules swell, are extruded from the fiee edge 
of the cell, and then dissolved It is generally agieed that the cell 
does active work m manufacturing the granules, but how the water 
is “pumped” into the lumen is very difficult to determine The 
idea of the “pump” may be conveniently applied to tins piocess 
which we do not yet understand and winch forces fluid mto the 
lumen of the gland against forces which tend to retain it m the 
blood 

It has been suggested that the granules break down mto sniallei 
molecules which laise the osmotic pressure and cause water to be 
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attracted fiom the blood In pait ot the cell a solution moie dilute 
than the Hood is foimed and extended, causing an increased con- 
centration m the leniaming paits of the cells which attract fuither 
watei fiom the blood and lymph 

Another view is that the side of the, cell next to the basement- 
membrane is impeimeable to the osmotically active substances 
manufactured by the cell, while the side next the lumen is not 
Flora a tube closed at each end by such membianes a flow has been 
found to continue till the osmotically active substance is expelled 
and it is possible that secretion may be similarly produced 

"We do not, howevei, leally know , and still less have we any idea 
how secietion can be controlled by neives, unless it be that the 
nenes cause the pi eduction of substances winch influence the 
peimeabikty of cell membranes 
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CHAPTER XXVIII 


S ALIYA 

The saliva is formed by thiee pans of salivaiy glands, called the 
parotid, submaxillary, and sublingual glands 


The Salivaiy Glands 

These typical secretmg glands aie made up of lobules united 
by connective tissue Each lobule is made of a gioup of tubulo- 
saccular alveoh or acmi, from winch a duct passes , this unites with 
other ducts to form larger and larger 
tubes, the mam duct opening into the 
mouth 

Each alveolus is suirounded by a 
plexus of capillaries , the lymph which 
exudes from these is m direct contact 
with the basement - membrane that 
encloses the alveolus The basement- 
membrane is lined by secretmg cells 
which surround the central cavity 01 
lumen The basement - membrane is 
thin m many places, to allow the lymph 
more ready access to the secreting cells , 
it is continued along the ducts 

The secretmg cells differ accordmg 
to the substance they secrete In alveoli 
which secrete mucm (such as those m the sublingual gland and some 
of the alveoh m the submaxillary) the cells aftei treatment with 
water or dilute acid are cleai and swollen (hgs 185, 186) , this is 
the appearance they usually present m sections of the oigan But if 
examined m their natural state by teasing a portion of the fresh gland 
m serum, they are seen to be occupied by large gianules composed 
of a substance known as mucigen or mucmogen (fig 185) When the 
gland is active, mucigen is transformed into mucm and discharged as 
a clear droplet of that substance mto the lumen of the alveolus 
Outside these are smaller, highly granular cells contain i ng no 



Fig 184 — From a section through a 
sain ary gland a, Serous or albumi- 
nous alveoli, b, intralobular duct 
cut trans\ ersely, also a duct cut 
longitudinally (Klein and Noble 
Smith) 
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mueigen, these marginal cells stain daikly, and geneially form 
crescentic groups ( ciesco/its 01 demilunes of Gianuzzi) next to 
the basement - merubiane They do not seciete mucin, but are 
albuminous cells Aftei secietion then granules aie lessened The 



Fig 1S5 —Mucous cells from submaxillary gland of dog a , From a resting or loaded gland , &, from a 
gland which has been secreting for some time , a', 6', similar cells which lia\ e been treated with 
dilute acid (Langley ) (From Quams Anatomy , by permission of Messrs Longmans, Green & Go ) 


demilunes are therefore easily seen m the gland before secretion, 
owing to the contrast they exhibit to the cells loaded with mucin 
In those alveoli which do not secrete mucin, but a watery non- 
viscid saliva (parotid, and some of the alveoli of the submaxillai y), 





Fig lfcb —Section through a mucous glnrd ban^emv* in a’cohol The ah eoli are lined 
with mucous cells, and outside r htsi i ir tin Tii 1 uiit'» (Heidenham ) 


the cells are filled with small granules of albuminous nature Such 
alveoli are called seious i albuminous , to distinguish them fiom the 
mucous alveoli we have just described (fig 184 ) 

These yield to the secretion its enzyme, ptyahn In the salrvaiy 
glands we may term the zymogen, piyalmoge n provisionally, but it 
has never been satisfactorily separated chemically from ptyalin 
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After secretion the cells shrink, they stain more readily, their 
nuclei become moie conspicuous, and the outer part of each cell 
becomes clear and free from granules (fig 187) 



Fig 1S7 —Alveoli of parotid gland. A, before secretion , B, m tlie first stage of secretion , 
C, after prolonged secretion (Langley ) 


The Secretion of Saliva 

The submaxillary gland has a double nerve-supply (1) Para- 
sympathetic, and (2) sympathetic (1) The chmda tympam, this is 
a branch of the seventh cerebral nerve (facial), and in pait of its 
course is bound up in the same sheath as the lingual nerve, a branch 
of the fifth (trigeminal) When the lingual nerve crosses Wharton’s 
duct beneath the tongue, part of the chorda tympam leaves the 
lingual, and the preganglionic fibres m it for the submaxillary pass 
into the hilus of that gland, and end by arborising round a scattered 
collection of ganglion cells concealed within the substance of the 
gland This ganghon is known as Langley’s ganglion Fiom the 
cells of Lang ley’s ganglion, post-ganglionic fibres aie distributed to 
the gland-cells and also to the blood-vessels 

(2) Sympathetic blanches are derived from the plexus around 
the facial artery and accompany the arterial branches which supply 
the gland (see fig 188) 

The chorda tympam is par excellence the secretory nerve of the 
gland When it is stimulated, secretion of saliva and dilatation of 
the arterioles take place invariably, but the action of atropine 
indicates that these two effects are quite distinct although, no doubt, 
metabolites noimally assist m causing the vasodilatation Stimulation 
of the sympathetic always produces constriction of these blood- 
vessels, and a secretion of a small quantity of thick viscid saliva 
may also occur, hut often the sahvaiy $ow is entirely absent 
Eeeent investigations have shown that the part played by the 
sympathetic differs so widely in different animals that the many 
theories formerly advanced of the restive part played by the two 
nerves must be regarded as meie matters of speculation. 
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Section of the chorda tympam produces no immediate result , but after a few 
days a scanty but continuous secretion of thm watery saliva takes place , this is 
called paralytic secretion If the operation is performed on one side, the gland of 
the opposite side also shows a similar condition, and the thm saliva secreted 
there iscalled the antilytic secretion This suggests that the chorda exercises a 
trophic or nutnbve function in relation to the cells of the gland 


Besides the secietoij mechanisms regulated chiefly by the 
pai asympathetic theie is "another mechanism in the salivary glands 
which expi esses the saliva tiom the gland This mechanism is 
piobablv undei the conti ol of the sympathetic (Babkin), but it is 

not yet cleai what histological 
elements are lesponsible foi this 
' t pressoi effect 



Fig 1SS —Diagram of secretory nen es of 
submaxillary and sublingual glands 
Two fibres of the chorda tympam (Ch ) 
are shown, one of which supplies the 
sublingual gland, of which an acinus is 
shown , the cell station for this is in S 
G , the so called submaxillary ganglion 
The other fibre supplies an acinus of the 
submaxillary gland , its cell station is m 


Effect of Drugs on the Grland 

Ati opine — After intravenous injec- 
tion of this alkaloid, stimulation of the 
chorda tympam no longer produces 
secretion of saliva Much largei 
doses are necessary to abolish the 
vasodilator effect of chorda stimula- 
tion, or the sympathetic flow in those 
cases where previous stimulation of 
this nerve evoked a secietion of saliva 
Pilocarpine pioduces a copious 
flow of saliva, accompanied by vaso- 
dilatation 

Prgotoxme paralyses the effects 
of sympathetic stimulation, but not 
those of stimulation of the chorda 


Langley s ganglion (L G ), within the 
substance of the gland. Sy is a fibre of 
the sympathetic, which has its cell 
station in the superior cervical ganglion, 
S. C G (After Dixon ) 


tympam 

Adrenaline produces constriction 
of the blood-vessels In some animals 


it evokes a considerable flow of saliva, 


and when this occurs the constriction of the vessels is followed by 
dilatation This favours a view which has been advanced by some 
observers, that vasodilatation is m part produced by the chemical 
action of the products of activity (carbonic and lactic acids, etc ) 


The sublingual gland is inneivated by the same nerves as the 


submaxillary, but the piegangliomc fibres of the chorda tympam 
have their cell-station in the so-called submaxillary ganglion which 
is situated between the lingual nerve and the deep pait of the 
submaxillary gland (see fig 188) This has been determined by 
Langley's nicotine method (see Autonomic Nervous System) 

The parotid gland also receives two sets of nerve-fibres analogous 
to those we have studied m connection with the submaxillary gland 
The prmcipal secretory nerve-fibres are glosso-pharyngeal in origin, 
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and reach the gland eventually by the amiciilo-tempoial nerve, the 
sympathetic is mainly vasoconstnctoi, but m some animals it does 
contam a few secretoiy fibies also 

Mechanism of Salivary Secretion — Under ordinal y conditions 
the secretion of saliva is a reflex action The pimcipal affeient nerves 
are those of taste , but the smell or sight of food will also cause “ the 
mouth to water”, and under ceitam conditions, as before vomiting, 
irritation of the stomach has a similar effect These sensory nerves 
stimulate a centre in the medulla fiom which efferent secretory 
impulses are reflected along the secietoiy nerves (chorda tympam, 
etc ) to the glands 

Pavlov made an external fistula of the submaxillary duct m 
the dog, and found that the sight of food, the smell of food, or the 
administration of any kind of food, caused secietion , acid or even 
sand introduced into the mouth produced a similar effect The 
effect increased when food was given in the dry condition The 
results on the parotid secretion were as follows if the dog was 
shown meat or the meat was given to it to eat theie was only a 
scanty secietion (0 5 c c per minute) If, however, the meat was 
given as a dry powdei, the secretion was much more copious 
(2 c c per minute) In such expenments the dog must be hungry, 
for the psychical element involved is important It probably is 
the case that all constituents of the food causing secretion produce 
a flow from all the sahvary glands, but different substances cause 
different amounts of saliva to flow, and this would naturally result 
from varied stimulation of touch and taste sensory nerve-endings 
Pavlov, the Eussian physiologist, has shown that practically any 
stimulus may become a “ conditioned ” stimulus of sahvary secretion 
if the stimulus, eg the ringing of a bell, has been previously 
associated with the giving of food This became the basis of the 
study of Conditioned Eeflexes 

A marked reduction m the amount of saliva secieted takes place 
under conditions of emotional stress , this used to be the basis of 
one form of tnal by ordeal m which the accused was asked to 
eat a given amount of dry flour, and accounts also for the marked 
dryness of the mouth of public speakers in circumstances which 
bear no relation to then actual water requirements 

Extirpation of the Salivary Glands — These may be removed 
without any harmful effects in the lower animals 
Thirst (See Visceral Sensations) 

The Saliva 

The saliva is the fust digestive juice to come in contact with the 
food The secretions fiom the different salivary glands are mixed in 
the mouth , the secretion of the minute mucous glands of the mouth 
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and a certain number of epithelial scales and the so-called “ salivary 
corpuscles ” derived from the tonsils aie added to it The liquid is 
transpaient, slightly opalescent, of slimy consistency, and may con- 
tain lumps of nearly pure mucin On standing it becomes cloudy 
owing to the precipitation of calcium carbonate, the carbonic acid, 
which held it m solution as bicarbonate, escaping 

Of the three forms of saliva which contribute to the mixture 
found in the mouth the sublingual is richest in solids (2 75 per cent ) 
The submaxillary saliva comes next (21 to 2 5 per cent ) The 
parotid saliva is poorest in total solids (0 3 to 0 5 per cent ), and 
contains no mucin Mixed saliva contains in man an average of 
about 0 5 per cent of solids it is alkaline to litmus, due to the salts 
in it, and has a specific gravity of 1002 to 1006 

The solid constituents dissolved in saliva may be classified thus 

r a Mucin this may be precipitated by acetic acid. 
n . J & Ptyalin an amylolytic enzyme 

' c Protein of the nature of a globulin 
d Potassium sulphocyamde 
( e Sodium chloride the most abundant salt. 

Inorganic . -j / Other salts sodium carbonate, calcium phosphate and 
[ carbonate , magnesium phosphate , potassium chloride 


The action of saliva is twofold, physical and ch emi cal 
The physical use of saliva consists m moistening the mucous 
membrane of the mouth, this facilitates speech and assists in the 
solution of soluble substances in the food , the mucin lubricates the 
bolus of food to facilitate swallowing 

The chemical action of saliva is due to its active principle, pty alin 
This substance belongs to the class of enzymes which are called 
amylolytic (starch-splitting) or diastatie (resembling diastase, the 
similar enzyme in germinating barley and other gr ams ) 

The starch is first split into dextrin and maltose , the dextrin is 
subsequently converted into maltose also this occurs more quickly 
with erythro-dextrm, which gives a red colour with iodine, than with 
the other variety of dextrin called achioo-dextrm, which gives no 
colour with iodine Brown and Morris gave the following provisional 
equation — 


10(C 6 H 10 O 6 )n + teH.O 


’ [Starch] 


[Water ] 


" 4n S&? u 


[Ac&roo-dextrin ] [Brytkro-dextriiu] 


Ptyalin acts in a similar way, but mors slowly, on glycogen it 
has no action on cellulose , hence it is inoperative on starch grains, 
when the cellulose layers are intact Staiches vary appreciably m 
the ease with which they are digested by saliva Mere grinding 
will allow the granules of nee and arrowroot to be acted upon but 
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not so in the case of wheat It must be lemembered that the husk 
of the seed contains a diastatie enzyme which would assist the 
sahva weie it not commonly lemoved by milling or destroyed by 
the processes used in whitening the floui 

Ptyalin acts best at about the temperature of the body (35-40° C ) 
It acts best in a neutral or shghtly acid medium and in the presence 
of small amounts of salts , a small amount of alkali makes but little 
difference , a very small amount of additional acid stops its activity 
The conversion of starch into sugar by swallowed sahva m the 
stomach continues for a certain time It then ceases owing to the 
hydrochloric acid secreted by the glands of the stomach. The acid 
which is first poured out neutrahses the sahva, and combmes with 
the proteins of the food, but when free acid appears ptyalin is 
destroyed, and so it cannot resume work when the acid is neutralised 
in the duodenum Another amylolytie enzyme contained in pancreatic 
juice (to be considered later) continues the digestion of starch in the 
intestine 

It has recently been pomted out by Hurst and Knott that 
vegetable starches are more easily digested if they are first acted 
upon by the hydiochlonc acid of the stomach If the starch is not 
adequately digested it may ferment m the mtestme and lead to 
flatulence from production of gas 

Sahvary digestion continues m the stomach for a variable time 
In some cases Cannon found that the food lying in the fundus of the 
stomach of animals in a quiescent horizontal posture underwent 
amylolysis for at least two hours, because the relative absence of 
movement in this region until quite late stages m digestion prevented 
admixture with gastric juice, especially in the interior of the 
swallowed masses 

If an animal is fed on different coloured foods it will be seen 
that the last taken passes mto the centre of that which has 
previously entered In this way the period of sahvary digestion 
m the stomach is prolonged, since the food moistened with saliva 
is protected for a time from the gastric juice the acidity of which 
destroys ptyalin Kecently Campbell and Pembrey have demon- 
strated that even m man sahvary digestion may contmue much 
longer than is commonly supposed, especiahy is this the ease if 
the secretion of gastric juice has been diminished by severe exercise 
It is of interest to observe that normally we take fat with starch 
{eg butter with bread, cream with pastry, milk with porridge), and 
that the effect of fat is to reduce appreciably the amount of gastric 
secretion and presumably to prolong sahvary digestion 
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CHAPTER XXIX 

DIGESTION IN THE STOMACH 

The Gastric Juice 

The stomach performs a twofold function It acts as a container 
of food, a function which is specially important m ru min ants which 
regurgitate the food during the act of rumination The stomach 
acts as an organ of digestion by providing facilities for the continu- 
ation of salivary digestion and by initiating the digestion of the 
proteins, this latter it does in virtue of the gastric juice secreted 
by the glands m its wall 

The glands of the mucous membrane are of three varieties* 
(a) Cardiac, (&) Fundus and body, and (c) Pyloric 

(a) Cardiac glands are (1) simple tubular glands lined by short 
columnar granular cells, (2) small tubulo-raeemose glands, only 
found quite close to the cardiac orifice 

(i) Fundus and body glands are found throughout the remainder 
of the stomach except the pylons They are arranged in groups of 
four or five which are separated by a fine connective tissue Several 
tubules open into one duct, which forms about a thud of the whole 
length of the tube and opens on the surface The ducts are lined with 
columnar epithelium The gland-tubules are lined with coarsely 
granular polyhedral cells (< central cells) The central cells are mingled 
with a variable numbei of cells with clearer protoplasm which Lim 
proposes should be called mucoid cells Between these cells and the 
basement-membrane of the tubes are large oval or spherical cells, 
opaque or granular in appearance, with oval nuclei, bulging out the 
basement-membrane , these cells are called parietal or oxyntic cells 
They do not form a continuous layer 

( c ) Pyloric Glands — These (fig 191, p 449) are found in the 
pyloric canal, and have longer ducts than the fundus glands Into 
each duct two or three tubules open by very short and narrow necks, 
and the body of each tubule is branched and convoluted The 
lumen is large The ducts are lined with columnar epithelium, 
and the tubules with shorter and finely granular cubical cells, not 
at all unlike the mucoid cells of the fundus glands The pylonc 
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glands have no parietal cells 
pyloric glands become largei, 



Pi n 
U A 
ik 


As they approach the duodenum the 
more convoluted and more deeply 
situated They are directly con- 
tinuous with Biunner’s glands in 
the duodenum 

The central cells of the fundus 
glands are loaded with gianules 
Dui mg secretion they discharge 
their gianules, those which remain 
being chiefly situated near the 
lumen, leaving m each cell a cleai 
outer zone These are the cells 
that seciete the pepsin The 
zymogen in the gastric cells is 
called pepsinogen The rennet- 




Fig 190 —Transverse section through 
lower part of fundus glands of a cat 
a, Parietal cells, b, central ceUs, 
c, trans\erse section of capillaries 
(Frey ) 



Fig 1S9 —From a vertical section through the 
mucous membrane of the cardiac end of 
stomach Two fundus glands are shown 
with a duct common to both a, Duct with 
columnar epithelium becoming shorter as 
the cell3 are traced downward , n t neck of 
gland tubes, with central and parietal cells , 
by base with curved caeca! extremity— the 
parietal cells are not so numerous here 
(Klem and Noble Smith ) 


enzyme that causes the curdling 
of milk is foimed by the same 
cells 

The parietal cells undergo 
merely a change of size during 
secretion, being at first somewhat 
enlarged, and after secretion they 
are somewhat shrunken They 
aie also called oxyntic (acid- 
formmg) cells, because they secrete 
the hydrochlouc acid of the juice 
Heidenhain succeeded m making 
m a dog a cul-de-sac of the fundus, 


m another, of the pyloric region of the stomach , the former secreted 
a juice containing both acid and pepsin, the latter, parietal cells 
being absent, secreted a viscid alkaline juice containing a weak 
proteolytic enzyme* but true pepsm is here absent (Lim) 
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The formation of a fiee acid from the alkaline blood and lymph 
is an impoitant problem. There is no doubt that it is foimed from 
the chlorides of the blood and lymph, and of the many theones 
advanced about its actual mode of formation, 
none is wholly satisfactory Some theories 
are chemical, and explain the formation of 
the acid by an interaction of the chlorides 
and phosphates Others call to their assist- 
ance “the law of mass action,” and we 
ceitainly know that by the action of large 
quantities of carbonic acid on salts of 
mineral acids, the latter may be liberated 
m small quantities We know fuither 
that small quantities of acid ions may 
be continually formed in the organism 
by ionization But in every case we 
can only make use of these explanations 
if we assume that the small quantities 
of acid are carried away as soon as they 
are formed, and thus give room for the 
formation of fresh acid Even then we 
are unable to explain the whole process 
A specific action of the cells is no doubt 
exerted, for these reactions can hardly be 
considered to occur in the blood generally, 
but rather in the oxyntie cells, which 
possess the necessary “selective” powers 
m reference to the saline constituents 
of the blood, and the hydrochloric acid, 
as soon as it is formed, passes mto the secretion of the gland in 
consequence of its high power of diffusion 



Fig 191 — Section showing the 
pyloric glands s, Free sur- 
face , d, ducts of pyloric glands , 
n, neck of same , to, the gland 
tubules, mm, musculans mu- 
cosa (Klein and N oble Smith ) 


Methods of Investigating Gastric Secretion 

The early physiologists arrived at the idea of the chemical action 
of the gastric juice by somewhat heroic methods We read of 
Spallanzani (1729-99), who swallowed sponges tied to strings and 
pulled them up agam to obtam samples, and of Stevens in Edinburgh, 
1777, who persuaded a man to swallow small perforated boxes 
containing meat, which were later regurgitated 

Fistula — The most celebrated investigations are those of 
Beaumont upon Alexis St Martin m 1822, who, in virtue of a 
gunshot wound, had a gastiic fistula, u an opening between the 
stomach and the exterior Nowadays, rubber tubes are passed down 
into the stomach and the contents withdrawn after a given test meal 

P 
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Bwald's Method — In this method, the stomach contents are 
withdrawn with a stomach-tube one houi after a test meal consisting 
of a cup of tea and a piece of dry toast 

Fractional Method of Rehfuss — The tube used m this method 
is of small boie (Einhom) and has a small expanded metal end It 
may be left in position for several houis if desired Samples may 
then be drawn off at inteivals by means of a syiinge The test 
meal consists of stramed porridge (flavoured with salt) which is 
readily aspirated 

The result of such a fractional test meal, as it is called, has 
thrown much hght on gastric secretion. 

The Pavlov" Pouch — By this method a piece of the stomach is 
separated fioru the remamder of the organ It is described m more 
detail below 


The Composition of Gastric Juice 


This vanes aecoiding to the time at which the sample is taken 
aftei a meal, but average figures aie given in the following table — 


Constituents — 

1 Water 

2 Organic substances (chiefly pepsm) 

3 HC1, free 

4 Chlondes (inoiganic as HC1) 

5 Phosphates 

6 Oigame acids 


Per cent 

9944 
0 32 

0 02-02 
0 03-0 3 

jabout 0 01 


Of special interest is the HC1 and chloride content of the juice, as 
they have a special relation to gastric ulcer In practice the free HC1 
is estimated by titration with jST/ 10 NaOH, using Topfer’s reagent, 
which changes fiom red to yellow at pK 3 6, as an indicatoi, then 
total chlondes by the Volhard method The content of inorganic 
chlorides is then found by subtracting 1 fiom 2 The total acidity 
of the juice is estimated, using phenolphthalein, which changes at 
pR 8 3 fiom colourless to red, as an indicator, and is of interest, as 
this less the HC1 gives the amount of orgamc acid present It 
must be undei stood that the chlorides may be expressed as such 
or as HC1, but one expression may readily be conveited into the 
other by making use of the molecular weights 58 5 NaCl~ 36 5 HOI 
These simple estimations do not take into consideiation HOI m 
combination with protein This is really mcluded m the inorganic 
chlorides as estimated above and in the total acidity 
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Mechanism of Secretion of Gastric Juice 

1 Nei vous Mechanism — As long ago as 1852 Bidder and Schmidt 
showed m a dog with a gastric fistula that the sight of food caused 
a secretion of gastric juice , and m 1878 Bichet observed that m a 
man with complete occlusion of the gullet the act of mastication 
caused a copious flow of gastric juice There could therefore be 
no doubt that the glands are under the control of the nervous 
system, but the early attempts to discover the secretory nerves of 
the stomach were unsuccessful Much of oui knowledge has been 
obtained by the use of the Pavlov pouch (so called after its 
mventor) A piece of the stomach with its nerve and blood supply 
intact is completely sepaiated off from the mam stomach. By 
experiments on dogs Pavlov showed that the secretion of this 
small stomach is an exact sample, both as regards composition and 
rate of formation, of that which occurs in the mam stomach, 
which is still left m continuity with the oesophagus above and the 
duodenum below 

Another procedure adopted was to divide the oesophagus and 
attach the two cut ends to the openmg in the neck The animal was 
fed by the lower segment, but any food taken mto the mouth, or any 
saliva secreted there, never reached the stomach, but fell out through 
the openmg of the upper segment These animals were kept alive 
for months, and soon accommodated themselves to their new con- 
ditions of life The animals could thus be subjected to (1) real 
feeding, (2) sham feeding, by allowing them to eat food which subse- 
quently tumbled out through the neck openmg, and (3) psychical 
feeding, m which the animal was shown the food but was not allowed 
to eat it The psychical element is important 

Mechanical excitation of the stomach- wall produces no secretion 
If water is introduced there is a slight flow, and even if meat is 
mtroduced mto the mam stomach without the knowledge of the dog, 
the juice formed is scanty and of feeble digestive power 

There is, moieover, no connection between the acts of mastication 
and swallowing and that of gastric secretion Sham feeding with 
stones, butter, salt, pepper, mustard, and acid, though it excited a 
flow of saliva, produced no effect on the stomach. If, however, 
meat was used for the sham feeding, an abundant and active 
secretion occurred m the stomach (that of the small stomach was 
actually exammed) after a latency of about five minutes The 
secretion is thus adapted to the kind of food the dog has to digest , 
the larger the proportion of protem m the diet, the more abundant is 
the juice, and the richer both m pepsm and acid 

Indeed, if the animal is hungry and shown the meat and not 
allowed to swallow it, the effect is almost as great The following 
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striking experiment also shows the impoitance of the psychical element 
Two dogs were taken, and a weighed amount of protein mtioduced into 
the mam stomach of each without then knowledge , one was then sham 
fed on meat, and one and a half hours latei the amount of protem 
digested by this dog was five tunes greatei than that which was 
digested by the other 

If the vagi aie cut (below the ongin of the lecunent laryngeal to 
avoid paialysis of the larynx), and sham feeding is then performed 
with meat, no secretion is obtained , the vagi therefore contain the 
secretory fibres The experiment of stimulating the peripheral end 
of the cut nerve confirmed this hypothesis. The nerve was cut m 
the neck four 01 five days befoie it was stimulated, in this time 
degeneiation of the cardio-mhibitory fibres took place, so that 
stoppage of the heart did not occur when the nerve was stimulated , 
under these conditions a secretion was obtained with a long latency , 
the latency is explained by the presence of secreto-mhibitory fibres 
Atropine abolishes the action of the vagus 

2 Chemical mechanism — At the same time it must be emphasised 
that chemical stimuli play an important part in digestion , extracts 
of meat and even watei bring about the secretion of gastnc juice 
Meat extracts usually contain the substance histamine (a derivative 
of the ammo-acid histidine) which brings about a very marked 
secretion of gastric juice (see below) Herzen has shown that 
dextrin acts even more powerfully and thus is emphasised further 
the importance of salivary digestion m promoting gastric secretion 
Herzen distinguishes between succagogues (juice-dnveis) such as 
Liebig's extract, and peptogens such as dextrm, which pioduce not 
only an increased flow, but a juice rich m pepsm-hy di ochlonc acid 
The products of proteolysis are also peptogemc, so that when once 
digestion has started, a stimulus for more secretion is provided 

Alkalis such as sodium bicarbonate cause a secretion of gastric 
juice, while acids such as acetic bring about a cessation of acid 
secretion (Maclean) 

Edkms has brought forward evidence that the hydrochloric acid 
m coming m contact with the pyloric canal causes the absorption 
into the blood of a substance gastrin , which causes a secretion of 
gastric juice This substance can be extracted from mucosa of 
the pyloric canal It can be distinguished from histamine (Lim) 
and from secietm which is absent from this region We see 
then m summarising that there are two phases of gastric secre- 
tion, the fiist of which is nervous and the second of which is 
chemical 

Certain articles of diet Such as fat diminish the gastric secietion 
during the first hour but thereafter the acidity of the gastric juice 
may be increased, possibly owmg to delayed emptymg and to absence 
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of duodenal legurgitation (Roberts) When these fats are given to 
reduce secretion it is essential that they axe followed latei by 
alkali such as magnesium oxide A ti opine by paralysing the 
parasympathetic reduces gastric secietion like all other secretions 

Carlson's Man — A large amount of information regaidmg the 
secretion of gastric juice m man has been obtamed by Carlson m 
a man with a gastric fistula like that of Alexis St Martin He has 
shown that, apparently, the psychic secretion is not so important m 
man as the experiments of Pavlov suggest, but that the secretion 
which takes place when there is gratification of appetite is specially 
important Apparently man, bemg more sophisticated than the dog, 
does not unconsciously presume he will get food until he actually 
does so Carlson has shown that articles which are pleasant to the 
taste of the individual, evoke considerably more gastric juice than 
others We see here the importance of the cook in relation to our 
digestion 

The effect of emotion on gastric secretion has been clearly 
demonstrated m Cailson’s man, and also by Yenables and Bennett, 
who have shown that, as in the case of the saliva, the secretion of 
gastnc juice may be markedly reduced by mental stress It has 
also been shown that sympathetic stimulation causes a reduction of 
gastric secretion (Flint and Moll) We shall see later that gastne 
movements may similarly be reduced 

The Physiological Order of a Dinner — It is of considerable 
mterest that mankmd has gradually evolved an order of taking 
articles of food which is fairly physiological. The tasty Ac? s-d’czuv'i e 
or soup come early to stimulate secretion, m virtue of appetite 
secretion and of the effect of meat extracts This is followed by the 
mam protein course Then comes the carbohydrate or sweet course, 
the starch, which by coming late, has all the more chance of bemg 
digested by the saliva Last comes the fruit, which cleanses the 
teeth, and whose acid promotes the secretion of saliva for furthering 
the digestion of the sweet In addition, as pomted out by Pavlov, we 
have cultivated the convention that it is a pleasure for individuals 
to dine together under conditions most favourable for stimulatmg 
the appetite and promoting a sense of well-being 

Alcohol. — The consumption of alcohol with meals is a time- 
honouied custom It used to be taught that this substance had no 
stimulatmg action on the gastric secretion, but smce the introduction 
of the fractional method of investigating the gastric contents it has 
been found that dilute alcohol causes a very appreciable secretion 
of hydrochlouc acid (Maclean) There seems little doubt, also, that 
by paralysmg some of the higher mental mechanisms it promotes a 
sense of well-being and by “di owning” cares may be of much value 
m promoting digestion 
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Actions of Gastric Juice 

Gastric juice has the following five actions — 

1 It is antiseptic, owing to the hydrochloric acid present, 
putief active processes do not noinaally occur m the stomach, and the 
micro-organisms which pioduce such processes, many of which are 
swallowed with the food, aie m great measure destioyed, and thus the 
body is protected from them 

2 It inverts cane-sugar into glucose and fructose This also is 
due to the acid of the juice, and is frequently assisted by inverting 
enzymes contained m the vegetable food swallowed The juice has 
no action on starch 

3 It contains lipase, a fat-splittmg enzyme The protem 
envelopes of the fat-cells are first dissolved by the pepsm-hydrochlonc 
acid, and the solid fats are melted They are then split in small 
measure into their constituents, glycerol and fatty acids This 
action is mainly produced by a regurgitation of the contents of the 
duodenum mixed with pancreatic juice , but even after the pylorus 
has been hgatured and regurgitation prevented, the gastric juice 
itself produces a small amount of fat- splitting, and therefore 
contains lipase 

4 It curdles milk — This is due to the action of the rennet 
enzyme or rennm The conditions of this action we have already 
discussed under milk, but it may here be added that Pavlov 
has advanced the view that rennm is not a distinct and separate 
enzyme, but milk-curdling is only one of the activities of pepsm 
This hypothesis has been accepted by numerous physiologists, 
but, on the other hand, there is a number of equally eminent 
observers who still maintain that pepsm and rennm are two separate 
enzymes Whichever view is correct, the curd of casein formed 
from the easemogen is subsequently digested as other proteins are 

5 It is proteolytic, this is the most important action of all 
The protems of the food are converted by the pepsm-hydrochlonc 
acid into peptones (see Protem Hydrolysis) 

The question has been often raised why the stomach does not digest itself during 
life The mere fact that the tissues are alkaline and pepsin requires an acid 
medium m which to act is not an explanation, but only opens up the fresh problem 
why the pancreatic juice which is alkaline does not digest the intestinal wall 
To say that it is the vital properties of the tissues that enable them to resist 
digestion only shelves the difficulty and gives no real explanation of the mechanism 
of defence Recent studies on the important question of immunity (q v ) 
have furnished us with the key to the problem , just as poisons introduced from 
without stimulate the cells to produce antitoxins, so harmful substances produced 
within the body are provided with anti-substances capable of neutralising their 
effects , and Weinland has shown that the gastric epithelium forms an antipepsm, 
the intestinal epithelium an anti-trypsin, and so on The bodies of parasitic worms 
which live m the intestine are particularly rich in these anti-bodies 
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The Limitation of Gastric Acidity — It is seen that the 
percentage of HC1 in freshly secreted gastric juice is about 0 5 per 
cent, but it must be undei stood that this concentration of HC1 is 
not normally m contact with the stomach-wall During digestion 
much of the free HC1 is neutralised by the food and the ultimate 


percentage is only about 0 1 to 
0 2 per cent , which is about the 
optimum pH 1 5 for the action 
of pepsin 

When the food has left the 
stomach the acidity is prevented 
from rising by regurgitation of 
the alkaline fluid from the 
duodenum The evidence for 
this is that bile and lipase may 
be found in the stomach, and 
that although at the end of an 
hour and a half after a meal 
there is a reduction in the 
concentration of free HOI in the 
stomach, the chloride content 
still remains high This is well 
seen m fig 192 Keguigitation 
has also been observed by X-iays 
(Bolton) Some neutralisation 
may also take place as a result 
of the secretion of alkali by the 
cells of the pylorus as described 
by Heidenham (p 448) 

According to Maclean, how- 
evei, the persistence of the high 
chloride content is due to the 
seeietion of neutial chloride by 
the stomach itself, and the fall 
in the free HC1 is due to the 
action of H ions on the stomach 



Fig 192 —A record by Bolton of the analysis of 
gastnc juice of a normal man taken by tbe 
fractional method TC, Total chlorides > IC, 
Inorganic chlorides , Act HC1, Free hydro- 
chloric acid Samples were taken each quarter 
of an hour Described m text 


In support of this theoiy he has 

shown that the introduction of any acid into the stomach will cause 
a cessation of the secretion of HC1 pioduced by dilute alcohol He 
does not, however, explain why this mechanism so readily breaks 
down and hyperchloihydria occurs The views of Bolton and Maclean 
are not, however, mutually exclusive 

There is reason to believe that regurgitation from the duodenum is 
of clinical importance and that if it is reduced and the gastric acidity 
rises there is an abnormal liability to gastric ulcer, for the hypei- 
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chlorhydna prevents an mjuiy of the mucous membrane from 
healing On the othei hand, excessive regurgitation may occur to 
neutralise abnormal acids (eg butyric) taken m with or pioduced 
from the food, and result m the so-called “ bilious attack ” 

It has long been stated that the administration of fat increases 
the regurgitation from the duodenum, but m view of the woik of 
Eoberts a more detailed investigation of this problem is necessary 
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CHAPTER XXS 


DIGESTION IN THE INTESTINES 

Digestion m the intestine is brought about by the juice which is 
poured into the gut by the neighbouimg gland, the panel eas, assisted 
by the bile and the secietions elaborated by the glands m the intestinal 
wall itself 


The Pancreas 

This is a tubulo-iaeemose gland closely lesemblmg the salivary 
glands in stiuctuie The pimcipal differences are that" the alveoli or 
acini are more tubulai in character, 
the connective tissue between them 
is looser 

The secieting cells of the 
pancreas are polyhedial When 
examined in the fresh condition, 01 
m preparations preserved by osnnc 
acid, their protoplasm is seen to be 
filled m the inner two-thirds with 
small granules , but the outei third 
is left clear, and stams readily with 
protoplasmic dyes (fig 193) 

During secretion the granules aie 
discharged, the clear zone conse- 
quently becomes widei, and the 
granular zone nanower 

These granules indicate the 
presence of the zymogens, which 
are the precursors of the enzymes 
m the j uice The seci e tor y gi anules 

here as m other glands are prob- 
ably foimed fiom the mitochondria which aie present in the 
protoplasm 

Scattered between the ordinal y glandular cells are small masses 
of epithelial cells fiee fiom ducts These aie the islets of Langerhans 
which produce insulin The granules of the cells are of two kinds 

459 



Fig 193 —Section of the pancreas of a dog 
during digestion a, Alveoli lined with 
cells, the clear outer zone of which is well 
stained with heematoxylin , d , duct lined 
with short cubical cells x 850 (Klein 
and Noble Smith ) 
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(a) granules which are fixed by alcohol, and (5) granules which 
are fixed by fixatives m watery solution, eg formaldehyde The 
granules may be deinonstiated by injecting neutial red into the 
animal befoie death (te mtia-vitam staining) 

Composition and Action of Pancreatic Juice 

The pancieatic juice may be obtained by a fistula m animals, 
a cannula being inserted into the mam pancieatic duct, but as 
with gastue puce, experiments on the pancieatic secretion aie 
frequently peiformed with an aitificial juice made by mixmg a weak 
alkahne solution (1 per cent sodium carbonate) with an extract of 
pancreas winch is usually made with glyceiol 
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Fig 194 —Section of the pancreas of armadillo, showing alveoli and an islet of Langerhans 
m the connective tissue (V D Harris ) 


Quantitative analysis of human pancreatic juice gives the follow- 
ing results — 

Water 97 6 per cent. 

Organic solids IS ,, 

Inorganic salts 0 6 ,, 

In the dog the amount of solids is much gieatei 
The organic substances m pancieatic juice are — 

(a) Enzymes These are the most important both quantitatively 
and functionally They are four in number — 

l Trypsin, a proteolytic or proteoclastic enzyme In the fresh 
juice, however, this is present in the form of trypsmogen, which is 
less active, but which becomes actifated by the succus entencus 
li Amylase, an amylolytic (amyloclastie) enzyme 
m Lipase, a fat-splittmg or lipolytic (hpoelastic) enzyme 
iv A milk-curdhng enzyme 
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(b) A small amount of protein mattei, coagulable by heat 

( c ) Traces of leucine, tyrosine, xanthine, and soaps 

The inoiganic substances m panci ea tic juice aie — 

Sodium chloride, winch is the most abundant, and smallei quan- 
tities of potassium chloride, and phosphates of sodium, calcium, and 
magnesium. The alkalinity of the juice is due to phosphates and 
carbonates, especially of sodium 

1 Trypsin — Trypsin acts like pepsm, but with eeitain chffeiences, 
which are as follows — 

(a) It acts in an alkaline (optimum pH 81), ( cf pepsm m an 
acid) medium 

(b) It acts more rapidly than pepsm, deuteio-pioteoses can be 
detected as mteimechate pioducts in the foimation of peptone, the 
primal y proteoses have not been detected 

(c) Alkah-meta-protem is foimed m place of the acid-meta- 
protem of gastric digestion 

(d) It acts more powerfully on ceitam piotems (such as elastm) 
which aie difficult of digestion m gastnc juice It does not, however, 
digest collagen 

(e) Acting on solid piotems such as fibim, it eats them away 
from the surface to the mtenoi , there is no pielimmary swelhng as 
m gastric digestion 

(/) Tiypsin acts fuithei than pepsm, and rapidly splits up the 
proteose and peptone which have left the stomach into simplei sub- 
stances, the polypeptides The polypeptides m then turn are resolved 
mto their constituent ammo-acids, such as leucine, tyiosme, alanine, 
aspaitic acid, glutamic acid, argmme, tryptophan, and many others 
The constitution and properties of these cleavage products have 
been described In addition to these there is a certam amount 
of ammonia The led colour which a tryptic digest strikes with 
chlorine oi bromine water is due to the presence of tryptophan 
(mdole-ammo-piopionic acid) 

When once the peptone stage is passed, the products of further 
cleavage no longer give the biuret reaction It may, however, take 
weeks to reach this stage m a test-tube 

A variable fraction of the protein molecule is bioken off with 
comparative ease, so that certam free ammo -acids appear m the 
mixtuie, at a tune when the remamder are still linked together as 
polypeptides But ultimately the whole molecule is resolved mto 
ammo-acids, either entirely separated or m very short polypeptide 
lmkages 

It will thus be seen that there are two important differences 
between pepsm and trypsin, one is a difference of degree, trypsin 
bemg by far the more powerful and rapid catalyst , the second is a 
difference of kind, pepsm not bemg able to cleave polypeptides mto 
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ammo-acids in the way tiypsm can The prelmnnaiy action of 
pepsin, hovevei, is beneficial, foi tiypsm cleavage occurs more leadily 
after pepsm has acted on a piotem 

2 Amylase (and Maltase) — The convex sion of staich mto maltose 
is the most rapid of all the actions of the panci eatic juice Its powei 
in this direction is much greater than that of saliva, and it will act even 
on unboiled staich The small amount of this enzyme m the juice of 
mfants is an indication that milk, and not starch, is their natural diet 
Some obseivers have found small quantities of maltase m pancreatic 
juice 

3 Lipase — Fats aie split by pancieatic lipase mto glycerol 
and fatty acids The fatty acids unite with the alkaline bases 
piesent to foim soaps If a glycerol extract of panel eas is filtered, 
the filtrate has no lipoclastie action, the matenal deposited on the 
filtei is also mactive, but on mixing it with the inactive filtiate 
once more, a stiongly lipoclastie matenal is obtained In this way 
lipase is separable mto two fractions the material on the filter is in- 
active lipase , the material in the filtrate is its co-enzyme , the latter 
is not destroyed by boiling Bile salts also activate the inactive 
lipase, and this explains the fact that bile favours fat-splittmg 

Pancreatic juice also assists in the emulsification of fats, this it 
is able to do because it is alkaline, and it is capable of liberat- 
ing fatty acids, which form soaps with the alkali piesent, the 
soap forming a film on the outei suiface of each of the fat globules 
prevents them lunmng together Emulsions aie much more 
peimanent m the presence of such colloids as gum or piotem The 
presence of piotem m the pancieatic juice lenders it theiefore 
specially suitable for the purpose of emulsification 

4 Milk-curdling Enzyme —The addition of pancreatic extracts 
or pancieatic juice to milk causes clottmg, but this action (which 
difteis m some particulars fiom the clottmg caused by rennet) can 
hardly ever be called mto play, as the milk upon which the juice has 
to act has been alieady cuidled by the re nnin of the stomach * 


The Mechanism of Pancreatic Secretion 

It was fiist shown by Popielski and Weithenner and Le Page 
that a flow of pancieatic juice still occurs when the nerves supplymo* 
the duodenum and pancreas have been cut through, and latei 
Wertheimer found that the flow can be excited by injection of acid 
mto the jejunum, but not when it is injected mto the lower part of 
the ileum These authors concluded that the secietion depended on 
a nervous mechanism 


* Whether the action on milk is due to a special enzyme, or is a side action of 
trypsin is a moot point, similar to that raised m relation to pepsin. 
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This subject was reinvestigated by Stalling and Bayliss They 
showed that the secietion cannot be reflex, since it occiii s aftei 
extirpation of the coehac plexus, and destiuetion of all neives passing 
to an isolated loop of intestine It must theiefoie be due to chiect 
stimulation of the pancreatic cells, by a substance or substances 
conveyed to the gland from the bowel by the blood-stream 

Such a substance was discovered by Bayliss and Stalling, and 
called secretin They found that if dilute hydrochloric acid (0 4 per 
cent) is placed in the duodenum, or if an extiact of the duodenal 
wall (made with dilute HC1 but subsequently neutralised and fieed 
from protein) is injected mto the blood-stream, pancreatic secretion 
occuis, although this is not caused by injection of acid only mto the 
blood-stream The presence of this acid in the stomach suggested 
that hydrochloric had a specific action in this way, but later it was 
shown by J Mellanby that many substances (ether, soaps, alcohol, 
chloral, etc), especially Hie, when introduced mto the duodenum 
weie capable of exciting a flow of panel eatic ]uice Further, it was 
lecogmsed from clinical refeience that panci eatic digestion was not 
impaned in the absence of free hydroehlonc acid m the gastric juice 
An analysis of these and many other factois showed that secretin is 
present as such m the duodenal mucous membrane, and that secietm 
is carried into the blood by bile salts when bile is absoibed from the 
duodenum Hence the secretion of panci eatic juice is intimately 
l elated to the entiance of bile mto the duodenum The dischaige 
of bile from the gall-bladder and liver into the duodenum is m 
turn determined by the passage of peristaltic waves from the 
pylorus down the small intestine Each peristaltic wave is preceded 
by a wave of inhibition which releases the sphincter of the common 
bile-duct as it passes through the muscle of the duodenum, this 
relaxation determines the discharge of a few diops of bile mto the 
duodenum Hence the sequence of events leading to pancreatic 
secretion is as follows The stomach dischaiges its contents mto the 
upper part of the duodenum , this initiates penstaltic waves which 
pass down the small intestine , when a penstaltic wave reaches the 
entrance of the common bile duct, the sphincter is relaxed and bile 
enters the duodenum , the bile salts are absoibed and carry secretin mto 
the blood , the secretin stimulates the pancreas to secrete pancreatic 
juice and the bile salts are returned to the liver to act as cholagogues 
Secretm has been prepared by Mellanby and appears to be a 
polypeptide It is intensely active, 0 03 mgr injected intravenously 
mto a cat produemg about 3 0 c c of pancreatic juice It is soluble 
m water and dilute alkali, but is insoluble m dilute acid It is 
probably the same substance m all animals and is not specific to 
different lands of animals The amount present in the intestinal 
wall becomes less and less below the duodenum 
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Pavlov by expeiiments of a similai natme to those which led 
him to the diseoveiy of the secietoiy neives of the gastric mucous 
membrane, chscoveied the secietoiy neives of the pancreas m the 
vagus and to a less extent m the splanchnic neives Latei it 
was shown that the formation of the enzymes of the pancreas is 
under the conti ol of the vagus neives, the action of secretin being 
to stimulate the cells of the pancreas to seciete a copious flow of 
dilute sodium bicaibonate by which these enzymes aie earned from 
the panel eas into the duodenum Actually, as the work of Amep 
and of Mellanby indicates therefoie, the specific woik of the pancreas 
(the foimation of enzymes) is conti oiled by the vagus neives, whilst 
secretin stimulates the pioduetion of a fluid which carnes these 
enzymes into the duodenum and ensuies the piesence of a fluid of 
the optimum leaction m which these enzymes exert then digestive 
actions This lattei action, as shown by Bayliss and Starling, does 
not appear to be paialysed by atropine 

Adaptation of the Pancreas — To a certain degree it cannot be doubted that 
the pancreas adapts its secretion to the work it has to do Thus, whereas gastric 
juice, has a maximal flow soon after the ingestion of food, the pancreatic flow 
does not attain its full force until some time later, that is, when it is wanted The 
view that this is due to the hormone named secretin, which is not formed until 
the gastric contents enter the mtestme, fully explains the reason for the delay 

But Pavlov went further than this, and stated that the proportion of the 
various enzymes of the juice was adapted to the proportions of pro terns, carbo- 
hydrates, and fats in the food taken Considerable doubt has been cast on these 
results, because of the failure to confirm one of the most remarkable instances of 
such adaptation , bus is the power of the pancreas to secrete lactase (an enzyme 
capable of hydrolysing lactose) Normal pancreatic juice contains no lactase, but 
certain observers stated that by feeding an animal on milk, the pancreas could 
be educated to secrete it Careful experiments by Plimmer have shown this is 
not really so, and so much more stringent experimental conditions will have to be 
imposed before the other adaptations can be considered proven 


The Succus Entencus 

Succus entencus has been obtained free from other secretions by 
means of a fistula Thrry’s method is to cut the mtestme across 
m two places, the loop so cut is still supplied with blood and 
nerves, as its mesentery is intact , this loop is emptied, one end is 
sewn up, and the other stitched to the abdominal wound, and so a 
cul-de-sao from which the secretion can be collected is made The 
continuity of the lemamder of the mtestme is restoied by fastening 
together the upper and lower poitions of the bowel from which the 
loop has been removed In Yella’s method both ends of the loop aie 
sutured to the wound m the abdomen (See fig 195 ) 

The sueeus entencus possesses the power of convertmg disaccha- 
ndes into monosaccharides This power it owes to three enzymes 
Invertase or suci ctsc is the enzyme which inverts and hydrolyses 
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suciose 01 cane-sugai — that is, it conceits suciose into glucose 
and fructose The onginal teim “inveision” has alieady been 
explained It has been extended to include the similar hydiolysis 
of othei disaccharides, although theie may be no foimation of kevo- 
lotatory substances The enzyme m the juice which converts 
„ maltose into glucose is called maltase , and that which acts upon 
lactose is called lactase 

Foi many years little 01 nothing was known regaidmg the action 
of the intestinal juice beyond this, but subsequent investigations 
have alteied this state of things, and m the light of these, the succus 
entencus is seen to be a juice of the Inghest impoitance 

Pavlov was the fiist to show that one of its mam actions is to 
lemforce and intensify the action of the panel eatic juice, especially 
m reference to its proteolytic powei Claude Bernaid, one of the 



Fig 195 — Diagram of intestinal fistula I , Tliiry s method , II , Vella s method A, Abdominal wall, 
JB, intestine, with mesentery , C, separated loop of intestine, witn attached mesentery 


earliest to study the panel eatic secietion, entuely missed its tiyptic 
action On standmg, the juice veiy slowly increases in proteolytic 
activity Yernon has shown that much the same is tiue foi extracts 
of the pancreas The fresh juice contains trypsmogen, and this is 
transfoimed mto the active enzyme trypsin 

If fresh panel eatic and intestinal juices aie mixed together, the 
lesult is a powerful proteolytic mixtuie, though neither juice by itself 
is so active 

Pavlov speaks of the substance m the intestinal juice which has 
this reinfoicing action as an “enzyme of enzymes,” and has named 

it enterokmase 

Trypsmogen will digest peptones, histones, and protamines, but 
in association with the mtestmal juice will also digest the more 
resistant substances such as fibrin, gelatin, and casein (Willstatter, 
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1928 ) It used to be consideied that tiypsmogen was quite inactive, 
but this statement leteis to its action on certain piotems only* 

The fact that intestinal juice increases the proteolytic action of 
panci eatic juice has been confirmed lepeatedly, and been found to be 
tiue for the human juices m those raie surgical instances wheie it 
has been possible to examine the j mces, as m a case fully investigated 
by Hambuiger Starling showed that enterokinase justifies the 
assumption that it is a tiue enzyme, for provided sufficient time 
is allowed to elapse, it will catalyse any amount of pancreatic juice 
How the entei okmase acts is explained by J Mellanby and Woolley 
in the following way — Tiypsmogen is a complex consisting of tiypsm 
united with a piotem moiety, and so long as the enzyme is combined 
m tins waj it is only paitially active, enterokinase is a pioteolytic 
enzjrne which adsorbs and then digests this piotem moiety, and thus 
liberates the tiypsm 

The mixture of pancreatic and mtestmal juice is extraordinarily 
powerful If secretin is administered to a fasting animal, the juice 
secreted, having no food to act upon, will produce erosion and 
inflammation of the mtestmal wall (Starling) 

Succus entencus has no action on native piotems such as fibirn 
and egg-white, but it acts on proteoses and peptone (Cohnheim) 
It rapidly breaks them up mto simpler substances, of which 
ammonia, leueme, tyiosme, and the hexone bases have been iden- 
tified Cohnhenn named the enzyme to which this is due erepsin 
Hamburgei found that erepsm is also present m the human juice , 
it is not identical with entei okmase, because erepsm is destroyed 
by heatmg the juice to 59° C for three houis, enterokinase is not 
destroyed until the temperatuie is raised to 67° C A similar enzyme is 
piesent m most tissues , it is most abundant m the kidney (Vernon ) 
Cohnheim investigated the action of erepsm on a large number 
of proteins, it acts energetically on proteoses, peptone, and prota- 
mines on histone, which occupies an intermediate place between 
protamines and the othei proteins, it has a slight action On the 
other native protems it has no action, with the smgle exception of 
casemogen, which is speedily broken up mto simple substances, this 
opens up the mterestmg physiological possibility that the suckling 
mfant is able to digest its piotem nutriment even if pepsin and 
trypsin aie absent 

^ e > as shall find, has little oi no digestive action by 

itself, but combined with pancreatic juice it assists the latter m all 
its actions This is true foi the digestion of starch and of protein 
but most markedly so for the digestion of fat 


° f thlS GoncIusl °? 18 the fact that ^ is extremely difficult to be 

more 0% * 0m bypBm Whlch lf ddute attack the 
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Bile has also an inapoitant action in stimulating panel eatie 
secretion and m the absoiption of fats Occlusion of the bile- 
duct by a gall-stone 01 by inflammation prevents bile enteimg the 
duodenum Undei these conditions the faeces contam a large amount 
of undigested and digested fat which has escaped absorption 

General Aspects of Digestion 

In oiu consideiation of digestion we see that the occunences m 
the alnnentaiy canal are not a senes of isolated phenomena Each 
step follows m an orderly uiannei as the lesult of the previous steps 
The product of salivary digestion, dextrin, causes gastric seeietion, 
both aie affected by mental states which also affect gastnc move- 
ments The food leaving the stomach sets up penstaltic waves 
m the duodenum and causes the pouimg out of bde which in turn 
causes the absorption of secretin fiom the duodenal wail, the 
secietm is taken by the blood-stream to the pancreas, where it 
excites a flow of pancreatic juice, this juice arrives m the duodenum 
ready to act on starchy substances and on fat With the assistance 
of the bile, fatty acid is liberated winch m its turn forms more 
secietm, and so moie pancieatic juice The pancieatic juice, 
however, cannot act on proteins without enter okmase, which is 
supplied by the succus entencus, this sets free the trypsin The 
trypsm and alkali with the assistance of eiepsm effectively complete 
the proteolysis begun by the acid and pepsin of the stomach, while 
the mveitmg enzymes of the succus entencus complete the digestion 
of the carbohydrates 

Bacterial Action 

The gastric juice is an antiseptic, the pancreatic juice is not 
An alkaline fluid like pancreatic juice is just the most suitable 
medium for bacteria to flourish m Even m an artificial digestion 
the fluid veiy soon becomes putrid, unless special precautions to 
exclude or kill bacteria are taken It is often difficult to say wheie 
pancreatic action ends and bacterial action begins, as many of the 
bacteria that grow in the intestinal contents (having reached that 
situation m spite of the gastric juice) produce enzymes which act m 
the same way as the pancreatic juice Some form sugar fiom starch, 
others peptones, and ammo-acids fiom proteins, while others, again, 
bieak up fats There are, however, ceitam actions that are entnely 
due to these putrefactive organisms 

1 On carbohydrates The most frequent fei mentation they set 
up is the lactic acid fermentation tins may go further and result in 
the formation of carbonic acid, hydrogen, and butyric acid Cellulose 
is broken up into carbonic acid and methane This is the chief 
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cause of the gases m the intestine, the amount of which is increased 
by vegetable food 

il On fats In addition to acting like lipase, bactena produce 
lowei acids (valenc, butyric, etc ) The formation of acid pioducts 
from fats and carbohydiates gives to the intestinal '-contents an 
acid leaction Research shows that the contents of the intestine 
become acid much higher up than was formerly supposed These 
organic acids do not, howeier, hinder panel eatic digestion 

m On piotems Peptones, ammo-acids, and a mm onia are pro- 
duced, but the enzymes of these putief active organisms have a 
specially poweiful action in liberating substances having an evil 
odoui, such as sbatole (C 9 H 9 N) Skatole originates from the mdole 
radical ot trytophan, one of the ammo-acids of protein 

iv On ammo-acids The most frequent change consists m the 
splitting off of caibonic acid from then COOH gioup, and the pro- 
duction of amines, as shown m the following examples — 

(CH 3 ), CH CH 2 CH NH 2 COOH = (CH s ) 2 CH CH 2 CH 2 nh 2 + co 2 

[Leucine ] [Iso amylamme ] 

OH C b H 4 CH 2 CH NH 2 COOH = OH C 6 H 4 CH 2 CH 2 NH 2 + C0 2 

[Tyrosine ] [Hydroxyphenyl ethylamme ] 

Such basic pioducts if absoibed and not excreted by the kidney 
may produce harmful effects Both the above pioduce a high blood- 
piessure Their amount may be lessened by diminishing the piotem 
intake m the food Another amine called histamine is similarly 
produced by a loss of C0 2 from the ammo-acid histidine This 
causes a dilatation of capillanes (qv) (Dale and Bichards) which is 
associated with compensatory artenal constriction (McDowall) 
Whethei this constriction is m some way responsible for the high 
blood-pressuie which is associated with excessive meat eating is a 
matter of debate, but it may readily be that the compensatory 
constriction leads to hypertrophy and eventually to permanently 
mcreased peripheral resistance 

Ammonia-producing oigamsms flourish best m the lower regions 
of the small intestine, the ammonia neutralises the organic acids 
produced higher up In the large intestine the contents may have 
an alkaline reaction 

Sour milk has m past years been extolled not only as a useful 
food, but as a cure for many dyspeptic disorders Although its 
efficacy m this direction has been much exaggerated, its usefulness 
m certain cases is exphcable on the ground that the lactic acid 
bacillus, which is a harmless one m itself, possesses the power, 
when it is actively growing, of destroying other micro-organisms 
of a harmful kind 
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CHAPTEE XXXI 


SOME METHODS USED IN INVESTIGATING DIGESTIVE JUICES 

The following are important examples of methods commonly used — 
To estimate Amylolytic Activity — The most typical of 
numerous methods employed in the investigation of the rate of 
starch digestion (by saliva, pancreatic amylase, plant diastase, etc ) 
consists m the determination of the achromic point, that is the 
moment when iodine ceases to give a colour, all the eiythio-dextrin 
having been converted into achroo-dextnn and maltose The mixture 
of starch solution and digestive fluid m known propoitions is kept in 
a water-bath at constant temperature (40° C ) Eveiy half minute or 
so a drop of the mixture is transfened with a glass lod to a drop of 
iodine solution on a testing slab As long as starch is present the 
colour struck will be blue , then as erythro-dextun appeals the coloui 
will be violet, and when all staich has gone, leddish-biown This 
gradually gets famtei and famtei until finally the aehiomie point is 
reached The time occupied fiom the start is noted If this is done 
with the same quantity of saliva from different people a relative 
measure of the activity of their saliva is obtained If it is clone with 
diffeient quantities of saliva fiom the same person, it will be found 
that the tune occupied m reaching the achionric point is inversely 
proportional to the amount of saliva used 

To estimate Activity of Lipase — As befoie the digestive fluid 
containing the enzyme is mixed with the fat, and after incubation at 
the usual temperature for a given time, the amount of fatty acid 
hberated can be ascertained by titrating with a standard solution of 
alkali using phenolphthalem as indicator, the pomt of neutrality with 
this mdicatoi being signalised by the appearance of a pmk colour 
To estimate Proteolytic Activity — Heie the methods are 
numerous, and may be divided into two categories (a) those m 
which the rate of solution of a solid piotein is used as an index 
of the action of the enzyme, as m Eoaf’s and Mett’s methods, and 
(J) more complex methods m which the rate of action is ascertained 
by estimating the amount of the products (ammo-acids) hberated 
Boafs Method — This is a modification of Grutzner’s method 
Grhtzner used fibrin stained with carmine, and when the fibrin is 
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CHAPTER XXXII 


THE ABSORPTION OF FOOD 

Food ib digested m order that it may be absorbed It is absoibed m 
order that it may be assimilated, that is, become an integral part of 
the hving matenal of the body The digested food thus diminishes 
m quantity as it passes along the alimentaiy canal, and the faeces 
contam the undigested or indigestible residue 

In the mouth and oesophagus the thickness of the epithelium and 
the quick passage of the food thiough these parts reduce absoiption 
to a minimum Absorption takes place very shghtly m the stomach 
The most recent observations show that water is not absorbed 
m the stomach, but alcohol is absorbed to some extent Salts 
also do not seem to be absorbed unless present m great concentra- 
tions, such as do not occur in normal diets , sugar is absorbed with 
difficulty The small mtestme, with its folds and villi to mcrease its 
surface, is the great place for absorption The superficial area of the 
small mtestme, if laid flat, is about 1 5 square metres This by 
the presence of the villi is mcreased to about 42 square metres 
Absorption begms m the duodenum, and the products of digestion have 
largely disappeared by the time the mtestmal contents reach the ileo- 
csecal valve at the commencement of the large mtestme , m the large 
mtestme, absorption (mamly of water) occurs also, but to a less extent 
Foods such as water and soluble salts like sodium chloride 
are absorbed unchanged The organic foods are, however, consider- 
ably changed, colloid matenals such as starch and protein bemg 
converted respectively mto the diffusible materials glucose and 
ammo-acids 

There are two channels of absorption, the blood-vessels (portal 
tributaries) and the lymphatic vessels or lacteals In general terms, 
the protems and carbohydrates are absorbed by the blood-vessels, 
and the fats by the lacteals 

Diffusion and osmosis occur m the mtestme, for if a strong 
solution of salt is mtroduced mto a loop of mtestme, there is a flow 
of water mto the loop, owing to the high osmotic pressure of the salt , 
at the same time some of the salt diffuses mto the blood m accordance 
with the laws of diffusion But if some of the animals own serum 
is mtroduced mto the loop, it also is absorbed, although it has the 
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same osmotic pressure and concentration as the animal’s blood This 
experiment alone shows ns that known physical laws will not 
completely explain absorption In fact, absorption is a subject upon 
which we can speak with little certainty , the factoi that controls 
it is doubtless some form of imbibition, which lesides in the living 
epithelium, foi if the epithelium is injured or destroyed by the 
action of such a poison as sodium fluoride, absorption almost ceases, 
and what does occur follows the laws of osmosis and diffusion The 
cessation of the absorption when the epithelium is removed (Way- 
mouth Eeid) is scaicely what would be expected From a purely 
physical standpomt we might expect increased absoiption 

Eecently it has been conclusively demonstrated that the intestinal 
villi have a pumping action This may be observed under the 
microscope (Veizar) if suitable technique is employed It has also 
been found (Macgee) that absorption is somewhat dependent on 
calcium, a fact that is probably explained by the requirement of 
calcium for the movement of the villi since calcium is necessary 
for all movement, e g the muscle of the villi 

A marked feature during absorption is the mcreased activity of 
the lymphocytes which he beneath the epithelium , the number of 
these cells in the blood increases markedly , it may be even doubled 
It has theiefore been surmised that these cells share in the work of 
transporting absorbed materials 

Absorption of Carbohydrates — We have seen m considering 
the various digestive juices that all the carbohydrates are hydrolysed 
to monosaccharides m the intestinal tract For convenience these 
reactions may be summarised — 

Starch dextrins -> maltose > glucose 

(by ptyalm of saliva and amylase (by maltase of succus 

of pancreatic juice) entencus) 

Cane-Sugar glucose and fructose (by mvertase of succus entencus) 
Lactose glucose and galactose (by lactase of succus entencus) 

When, however, the blood is examined it is found that glucose 
only is present normally, since fructose and galactose are converted 
into glucose by the liver This is, indeed, made the basis of the 
fructose (laevulose) test for liver efficiency A normal man is con- 
sidered to be able to transfoim 100 grammes of fructose without any 
appearing m the urme It is interesting to observe that considerable 
differences exist m the ease with which the different monosaccharides 
are absorbed, thus showing a selective action on the part of the intestine 
For example, glucose is more easily absorbed than xylose, although 
the latter has a smaller molecule 

If any disaechande such as lactose is injected into the blood, it is 
excreted by the kidney as a foreign substance 

Absorption of Protein. — We have seen m relation to digestion 
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that the proteins of the diet are hydiolysed to amino-acids by vanous 
enzymes The steps may conveniently be summansed thus — 


(By the action of alkali 
and trypsm of the pan- 
creatic juice assisted 
by enterokmase ) 

(By the alkali and 
erepsm of the succus 
entericus ) 


Protein 

4 

Acid meta-protem 
r or Alkali meta-protem 

Proteose 

4 

< Peptone 

4 

Polypeptide 

4 " 

w Ammo-acids 


(By the acid and pepsin 
of the gastric juice ) 


The final stage may actually take place within the epithelial 
cells of the intestine itself It is also interesting to observe that 
all protein need not be so hydrolysed before it is absorbed Even 
in the absence of enzymes, serum placed m the intestine is absorbed, 
and to a lesser extent may also be egg-albumin, although it may be 
hydrolysed before it enters the blood 

This fact is of considerable importance m practical medicine, 
since patients who are hypersensitive to certain pioteins (such as 
those of eggs, lobster, or strawberries) may react violently and 
develop an attack of asthma or a severe lash if they take minute 
quantities of the protein to which they aie hypersensitive 

The normal course of events is that the food protems aie broken up 
into then constituent annno-acids, and it is in this foim that they 
are absorbed If an animal receives, instead of piotem, the final 
cleavage products of pancreatic digestion, it continues to mamtam its 
nitrogenous equilibrium , that is to say, the cells of the body are able 
to synthesise tissue-protems from the fragments of the food 
protems 

It is somewhat difficult to find the ammo-acids m the blood 
durmg absorption, for several reasons (1) the absorption during 
any given time is slow, and the products are diluted with the whole 
volume of the blood , (2) the presence of coagulable protems m the 
blood m large quantity renders a search for the ammo-acids difficult , 
and (3) when the ammo-acids get mto the blood they do not 
accumulate there, but are rapidly removed by the cells of the tissues 
In spite of these difficulties, Leathes, Howell, and, later, Folin and 
others succeeded m demonstratmg that durmg absorption the non- 
protein (that is, the ammo-acid) nitrogen of the blood mcreases 

There is now definite evidence that the ammo-acids are absorbed 
as such into the blood-stream, smce they can be dialysed out of 
the blood by passmg the blood through tubes composed of semi- 
permeable collodion membrane surrounded by saline solution The 
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diffusible substances, such as sugai and ammo-acids, pass through 
the mexnbiane into the saline and can be estimated Such an 

appaiatus is Abel’s vm- 
diffusion apparatus It is 
composed of several such 
tubes m parallel inserted 
between the two cut ends 
of an artery (clotting being 
prevented by an anti- 
coagulant, such as leech 
extract) By this means 
it has been found that the 
ammo-acids such as alanine 
and histidine may be recog- 
nised and it has been 
demonstrated that the 
ammo-acid content of the 
blood increases after a 
protem meal 

Absorption of Pats — 
The fats undergo m the 
intestine two changes one 
a physical change (emulsi- 
fication), the other a chem- 
ical change (saponification) 
The lymphatic vessels are 
the great channels for fat 
absorption, and their name lacteals is derived from the milk-like 
appearance of their contents {chyle) during the absorption of fat 
v The course which the minute fat- 
globules take may be studied by 
killing animals at varying periods 
after a meal of fat, and making osmic 
acid microscopic preparations of the 
villi Figs 196 and 197 illustrate 
the appearances obseived 

The columnar epithelial cells 
become first filled with fatty globules 
of varying size, which aie generally 
larger near the free border The 
globules pass down the cells, the 
larger ones breakmg up mto smaller 
ones during the journey, they are 
then transferred to the amoeboid cells of the lymphoid tissue 
beneath these ultimately penetrate mto the cential lacteal, where 



Fig 197 —Mucous membrane of frogs rntes 
tme during fat absorption ep, Epithe 
hum, sir, striated border, C, lymph 
corpuscles, Z, lacteal (E S Schafer) 



Fig 196 —Section of the villus of a rat killed durmg fat 
absorption ep, Epithelium, sfr, striated border, 
c, lymph-cells , d, lymph cells m the epithelium , 
Z, central lacteal containing disintegrating lymph 
corpuscles (E S Schafer) 
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they either disintegiate 01 discharge then cargo into the lymph- 
stream The globules are by this time divided into \eiy minute 
ones, the particulate basis of chyle The chyle enteis the 
blood-stream by the thoiacic duet, and after an abundant fatty 
meal the blood-plasma is quite milky, the fat droplets are so small 
that they cnculate without hindrance through the capillaries The 
origin of the fat in the body and its destination is dealt with 
under “Intermediate Metabolism” 

The great difficulty in fat absorption was to explain how the fat 
first gets into the columnai epithelium these cells will not take 
up other particles, and it is ceitam that the epithelial cells do 
not protrude pseudopodia from their holders (this, however, does 
occur in the endoderm of some of the lower invertebrates) moieover, 
fat particles have never been seen m the stuated bolder of the cells 

Light was thrown on this problem by the woik of Munk and, 
latei, of Moore and Kockwood, who showed that m the intestine 
fat may be broken down into glycerol and fatty acids, preliminary 
emulsification is advantageous for the foimation of these substances, 
but is not essential Fat, therefore, may be absorbed as glycerol 
and fatty acids, the latter, however, m great measuie are first 
converted into soaps, that is, compounds of the fatty acids and 
alkalis These soluble cleavage products pass readily thiough the 
striated borders of the intestinal epithelial cells, and these cells 
perform the synthetic act of building them into fat once moie, the 
fat so formed appearing in the form of small globules, surrounding 
or becoming mixed with the protoplasmic granules that are ordi- 
narily present The action of bile is particularly emphasised by 
the work of J Mellanby Experimentally it has been observed that 
neutral fat emulsified with bile is freely absorbed from the duodenum 
into the lacteals of animals m which both the pancreatic duct and 
the bile duct have been ligatured The mam function of the lipase 
of pancreatic juice is considered to be the production of a small 
amount of hydrolysis of the fat, so that a small quantity of soap 
is formed This soap carries the emulsification of fat further and 
the emulsified fat m the presence of bile is absoibed as fat Thus 
the reason for the small amount of lipase m pancreatic juice and 
its occurrence in the first-secreted pancreatic juice can be readily 
appreciated Accordmg to Mellanby the emulsified fat can pass freely 
mto the columnar cells of the villus, without previous hydrolysis 
of the fat mto fatty acid and glycerol The long recogmsed import- 
ance of bile m fat absorption, originally indicated by the excess 
of fat m the faeces when bile is absent from the intestine, is thus 
explamed 

There seems to be little doubt that the exact method of 
absorption of fat varies in different animals accordmg to their 
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habit of diet It may be that the cells of the villi cart exercise 
some selective action 

It has been suggested from obseivations on the tail of the tadpole 
that the leucocytes which we know aie very active during digestion 
are concerned m fat transport since they have been seen loading and 
unloading 

The Functions of the Large Intestine 

These aie mechanical, absorptive and excretory 
The mechanical functions of the laige intestine comprise the 
stoiage of f feces and their evacuation at due intervals 

The large intestine absoi Is chiefly water On the average about 
500 ec of fluid contents pass the lleo-caeeal valve per diem, from 
this the nutritious substances have been for the most part absorbed 
by the small intestine From this 500 cc the large intestine 
absorbs about 400 cc of water, leaving 100 cc of faeces , these 
figures are susceptible of considerable variation, notably m the 
pathological states of which diarrhoea is a symptom, but it is to 
be noted that the noimal slow passage of the contents through 
the colon permits of considerable mspissation If for any reason 
stagnation occurs, eg if the call to defsecation is neglected, the 
faeces become diy and hard This is a common cause of chronic 
constipation In addition to water the large intestine can absorb 
salts, glucose and peihaps ammo-acids Thus saline fluid is slowly 
absorbed, and rectal administration of saline is a valuable means 
of treatment of post-operative shock m which condition there is 
a reduction of circulating blood volume Since, however, the 
mucous membrane of the large intestine produces no digestive 
enzymes, proteins introduced into the rectum are not absorbed, 
since they are not digested “ Nutrient” enemata, therefore, 
are of little value to the patient who cannot take food by the 
normal channel, they serve meiely to nourish the bacteria which 
abound m the colon 

Ether in oil is absorbed when injected into the rectum , a state 
of general anaesthesia can be induced m this way 

The excretory activities of the large intestine cover a considerable 
range of substances, some physiological, the majority pharmacological 
Normally iron, as sulphide, and calcium and magnesium as phosphates, 
leave the body by this route The ratio of the amount of calcium 
and magnesium excreted by the bowel to that removed by the 
kidney depends on the quantity of acid radicles excreted by the 
latter If acids are administered, more calcium and magnesium 
leave by the urine as soluble salts, whereas if there are fewer 
acid radicles in the food the amount of calcium and magnesium 
passmg out as insoluble phosphates in the faeces is increased 
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In brief, the laige intestine may be legal (led as the piineipal 
channel for the excretion of insoluble substances which could not 
easily be passed out by the kidneys 

In many herbivoia, viz those m which the stomach is not 
complex, eg the rabbit, baetenal activity occuning m the caecum is 
important m dissolving the cellulose of the walls of the vegetable 
cells which constitute their diet Some of the products of the 
decomposition of cellulose, and the liberated cell contents are then 
available for absorption 

To what extent the bacterial content of the large intestine is 
of economic value m man is difficult to determine Some 
clinicians hold that an excess of bacteria m the faeces is definitely 
harmful and certainly we have good reason to believe that this is 
so At the same time the body is definitely protected from 4he 
mvasion of bactena from the laige intestine Barclay- Smith has 
emphasised the impoitanee of the Peyer’s patches m the lower end 
of the ileum in protecting against bacterial spread upwaids fiom the 
large intestine The solitary follicles, also composed of lymphoid 
tissue, appear to play a similar important part m the large intestine 
as is seen by the fact that they take up pathological bacteria m 
disease, e g dysentery 

•me faeces on an ordinary mixed diet contain comparatively 
little food residues, and a small quantity is excreted even durmg 
starvation Yoit and Hermann showed independently that an 
intestinal loop which had been emptied and separated fiom the 
rest of the bowel contained, a few days later, material identical with 
faeces, and consisting of intestinal juice, desquamated epithelial 
cells, and bacteria The increase in the amount of faeces which 
occurs when food is taken, even when the food is free from cellulose, 
is due to the mechanical and chemical stimulation which leads to 
an increase m the succus entencus, and m the shedding of epithelial 
cells Addition of protein to the diet makes practically no difference 
to the mtrogen m the faeces under normal conditions 

The addition of cellulose to the diet increases the bulk of the 
faeces, partly because much of the cellulose is excreted unchanged, 
partly because it stimulates the mucous membrane to secrete more 
succus entencus, and finally because the larger food residue favours 
the development of bactena On an average, from one-fifth to 
one- third (varying with the diet) of the weight of dried faeces 
consists of bacteria The average weight of dried bactena 
excieted daily is 8 grammes , this contains 0 8 gra mm e of mtrogen, 
or about half the nitrogen of the faeces Strasburger estimated 
that about 128,000,000,000,000 bacteria are evacuated in the faeces 
of a man every day The vast majonty of these are dead The 
faeces contain about 2 per cent of nitrogen, but this is chiefly 

Q 
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contained m the bodies of bacteiia, and the disintegrated epithelial 
cells 

When cellulose is absent fiom the diet, the feces contain fiom 
65-75 pei cent of water, the diy residue contains about 7 pei cent 
of nitrogen, and the non-nitiogenous matenal consists of about equal 
quantities of ash and substances soluble in ether, with small quantities 
of stercobihn and other bile residues The ash contams mainly calcium 
phosphate, with small amounts of iron and magnesium The ethereal 
extract contams cholesteiol, lecithin, fatty acids, soaps, and a very 
small amount of neutial fat The presence of excess of neutral fat 
indicates deficient pancreatic secretion, while excess split fat, %e> 
fatty acids and soaps, is found m jaundice The piotems are chiefly 
mucin and nucleo-protem, and are derived not from the food but 
fiom the intestinal wall, or are contamed m the bacteiia, no 
doubt a large part of the ethereal extract is also supplied by the 
bacteria 

Cellulose is thus the only important constituent of the food 
which is unaffected by the digestive juices, although a variable 
amount, which is laigest m heibivorous animals, undergoes bacterial 
decomposition The presence of cellulose also interferes with the 
absorption of proteins, for the digestive juices have difficulty m 
penetrating the cellulose membianes of vegetable cells Thus Yoit 
found that 42 per cent of the nitrogen in the food was lost m the 
feces of a vegetanan This is due solely to the cellulose and not 
to any difference m the digestibility of animal and vegetable 
piotems, foi if vegetable food is finely subdivided, and then 
thoroughly cooked and softened, this loss is lessened, and if 
vegetable protein is entirely freed fiom cellulose, it is as thoroughly 
absorbed as animal protem 15 per cent of the dry substance of 
green vegetables and brown biead, 20 per cent of canots and 
turnips, and a still larger amount of beans aie lost m the fecal 
residue 

The intestinal contents tiavel more rapidly when vegetables are 
present, foi the indigestible cellulose stimulates peristalsis, and there- 
fore a large quantity of water escapes absorption m the colon Thus 
on an ordinary mixed diet 35 grammes of dry substance and 100 
grammes of water are daily excreted in the feces, whereas on a 
vegetable diet the quantities aie 75 and 260 grammes respectively 
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CHAPTER XXXIII 


THE MECHANICAL PBOCESSES OF DIGESTION 

Undeb this head we shall study the neuro-muscular mechanism of the 
alimentary canal, which has for its object the onward movement of 
the food, and its thorough admixture with the digestive juices We 
shall therefore have to consider mastication, deglutition, the move- 
ments of the stomach and intestines, defecation, and vomiting 


The Teeth 

During the course of his life, man, in common with most other 
mammals, is provided with two sets of teeth , the first set, called the 
temporary or milk-teeth, makes its appearance m mfancy, and is 
m the course of a few years shed and replaced by the second or 
'permanent set 

The deciduous or milk-teeth are ten m number m each jaw, 
namely, on either side from the middle hue two incisors , one canine , 
and two deciduous molars , and aie replaced by ten permanent teeth. 
The number of permanent teeth m each jaw is, however, increased to 
sixteen by the development of three molars on each side of the jaw, 
which are called the permanent or tiue molars 

Structure of a Tooth 

A tooth is generally described as possessing a ci own , neck , and ? oot 

The crown is the portion which projects beyond the level of the 
gum The neck is that constricted portion just below the crown 
which is embraced by the free edges of the gum , and the root includes 
all below this 

A tooth is found to be composed of a hard material, dentine or 
ivory, which is moulded around a central pulp cavity (fig 198) 

The tooth-pulp is composed of loose connective tissue, blood-vessels, 
nerves, and large numbers of cells of varying shapes , on the surface 
m close connection with the dentine is a speciahsed layer of cells 
called odontoblasts, which are elongated columnar cells each with 
a large nucleus at the tapering end farthest fiom the dentine 
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The dentine resembles bone m chemical composition, but has only 10 percent, 
of water It contains a vast number of minute tubes which connect with the 
pulp and which contain the exquisitely sensitive nerve fibrils from a layer of stellate 
nerve-cells beneath the odontoblasts (Mummery) 

The bloud-A essels and nenes entei the pulp through a small 
opening at the apical extiemity of each loot The neives terminate 
by blanching into fine fibnike which enter the tubes of the dentine 
A layei of \ery hard caleaieous matter, the enamel, caps that 
pait of the dentine which piojects beyond the level of the gum 



Fig 19S —A, Longitudinal section of a human molar tootli, c, cement, d, dentine, e enamel 
v, pulp-cavity (Owen ) 

B, Transverse section The letters indicate the same as m A 


Sheathing the portion of dentine which is beneath the level of the 
gum is a layer of true bone, called the cement or crusta petrosa 

Enamel is the hardest tissue m the body, and contains a minimum amount of 
organic material and less than 3 per cent of water It is made up of minute 
prisms of the same salts as those of bone, which are set on end and which fit on to 
the surface of the dentine Some of the larger spaces between the prisms com- 
municate with the dental tubules and it has been suggested that fluids may pass 
between the prisms J * 


Mastication 

The act of mastication is performed by the biting and grinding 
movement of the lowei range of teeth against the upper The simul- 
taneous movements of the tongue and cheeks assist partly by cm s hin er 
the softer portions of the food against the hard palate and gums, and 
thus supplement the action of the teeth, and partly by returning the 
morsels of food to the teeth agam and again, as they are squeezed 
out from between them, until they have been sufficiently chewed 
The act of mastication is much assisted by the saliva 
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Mastication is much ruoie thoroughly peifoimed hy some animals 
than by others Thus, dogs hardly chew their food at all, but the 
oesophagus is protected fiom abiasion by a thick coating of veiy 
viscid saliva which lubucates the pieces of lough food 

In vegetable feedeis, on the othei hand, insalivation is a much 
more important piocess This is especially so in the lummants, m 
these animals, the grass, etc , taken, is huniedlv swallowed, and passes 
into the first compaitment of then four -chambered stomach Later 
on, it is leturned to the mouth m small instalments for thoiough 
mastication and insalivation, this is the act of summation, or 
“ chewing the cud”, the food is then once moie swallowed, and 
passes on to the digestive regions of the stomach 

In man, mastication is also an impoitant process, and m people 
who have lost then teeth seveie dyspepsia is sometimes produced, 
which can be cured by the use of artificial teeth 

Deglutition 

When properly masticated, the food is transmitted in successive 
portions to the stomach by the act of deglutition or swallowing 
This, for the purpose of descuption, may be divided into thee acts 
In the first, particles of food collected as a bolus are made to glide 
between the surface of the tongue and the palatine arch, till they 
have passed the anterior arch of the fauces m the second, the 
morsel is carried through the pharynx , and in the third, it reaches 
the stomach through the oesophagus These three acts follow each 
other rapidly (1) The first act is voluntary, although it is usually 
performed unconsciously , the morsel of food when sufficiently 
masticated, is piessed between the tongue and palate, by the agency 
of the muscles of the former, m such a mannei as to force it 
back to the entrance of the pharynx (2) The second act is the most 
complicated, because the food must go past the posterior orifice of 
the nose and the uppei opening of the laiynx without entering them. 
When it has been brought, by the first act, between the anterior 
arches of the palate, it is moved onwaids by the movement of the 
tongue backwards, and by the muscles of the anterior arches 
contracting on it and then behind it The root of the tongue being 
retracted, the larynx is raised with the pharynx and carried forwards 
under the base of the tongue , the closure of the glottis is secured by 
the contraction of its own muscles so that there is little danger of 
food passing mto the larynx so long as its muscles can act freely 
At the same time, the raising of the soft palate, so that its posterior 
edge touches the back wall of the phaiynx, and the approximation 
of the sides of the posterior palatine arch, which move quickly 
inwards like side curtains, close the passage into the upper part 
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of the pharynx and the posterior nares, and form an inclined plane, 
along the under surface of which the food descends , then the 
pharynx, raised up to receive it, in its turn contracts, and by the 
successive action of its three constrictors, the food is forced 
onwards mto the oesophagus These reactions take place leflexly 
from the stimulation by the food in the pharynx (3) In the third 
act, in which the food passes through the oesophagus, every part of 
that tube, as it receives the morsel and is dilated by it, is stimulated 
to contract hence an undulatory or peristaltic contraction of the 
oesophagus occurs If we suppose the bolus to be at one particular 
place in the tube, it acts stimulatmgly on the circular muscle- 
fibres behind it, and mhibitmgly on those in front , the contraction 
therefore squeezes it mto the dilated portion of the tube in front, 
where the same process is repeated, and this travels along the whole 
length of the tube The second and third parts of the act of 
deglutition are involuntary The action of these parts is more 
rapid than peristalsis usually is This is due to the large amount 
of striated muscular tissue present It serves the useful purpose 
of getting the bolus as quickly as possible past the opening of the 
respiratory tract 

The swallowing of both solids and liquids is a muscular act, and 
can, therefore, take place in opposition to the force of gravity 
Thus, horses and many other animals habitually drmk against 
gravity, and the same feat can be performed by jugglers 

In swallowing liquids m the ordinary way, however, the 
mechanism is a different one , the two mylo-hyoid muscles 
form a diaphragm below the anterior part of the mouth. The 
stylo-glossi draw the tongue backwards and elevate its base, the 
two hyo-glossi act with these, pulling the tongue backwards 
and downwards The action of these muscles resembles that 
of a force-pump projecting the mass of fluid down mto the 
oesophagus, it reaches the cardiac orifice with great speed, and the 
pharyngeal and oesophageal muscles do not contract on it at all, 
but are inhibited during the passage of the fluid through them 
(Kronecker ) 

This is proved in a striking way m cases of poisomng by 
corrosive substances, such as oil of vitriol, the mouth and tongue 
are scarred and burnt, but the pharynx and oesophagus escape 
serious injury, so rapidly does the fluid pass along them , the cardiac 
orifice of the stomach is the next place to show the effects of the 
corrosive Kronecker’s view has also been confirmed in man by 
the X-ray method 

There is, however, no hard-and-fast line between the swallowing 
of solids and fluids the more liquid the food is, the more does the 
force-pump action just described manifest itself 
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Nervous Mechanism — The nerves engaged in the xeflex act of 
deglutition aie — 

Sensooy branches of the trigeminal nerve supplying the soft 
palate and tongue, glosso-phaiyngeal, supplying the tongue and 
pharynx, the superior laryngeal blanch of the vagus, supplying the 
epiglottis and the glottis The moto7 fibres concerned are branches 
of the trigeminal, supplying part of the digastric and mylo-hyoid 
muscles, and the muscles of mastication, the bulbar part of the 
accessory through the pharyngeal plexus, supplying the levator 
palati, piobably by rootlets which are glosso-pharyngeal m origin, 
the glosso-pharyngeal and vagus, and possibly the bulbar part of 
the accessory, supplying the muscles of the pharynx through the 
pharyngeal plexus, the vagus, in virtue of its accessoiy roots, 
supplying the muscles of the larynx through the inferior laryngeal 
branch, and the hypo-glossal, the muscles of the tongue The 
nerve-centres by which the muscles are harmonised m their action, 
are situated in the medulla oblongata 

Stimulation of the vagi gives rise to peristalsis of the oesophagus 
The cell-stations of these fibres are m the ganglion trunci vagi 
Division of both vagus nerves produces paralysis of the oesophagus 
and stomach 

In discussing peristalsis on a previous occasion, we have 
already stated that it is a rhythmic movement of smooth muscle 
rather than of nerve , though normally it is controlled and influenced 
by nervous agency This neivous control is especially marked in the 
oesophagus, for if that tube is divided across, leaving the neive 
branches intact, a wave of contraction will travel from one end to the 
other across the cut 

Peristalsis — This is the movement by which the contents of many 
tubes throughout the body are moved on It consists essentially of 
a progressive wave of contraction which is preceded by a wave of 
relaxation This may readily be observed if the abdomen of an 
anaesthetised animal is opened under warm saline The movements 
contmue if a piece of the gut is kept m a bath of oxygenated warm 
Ringer’s solution They are set going if a suitable object is placed 
m the lumen of the gut to stretch its wall The noimal stimulus 
to such movements, therefore, we may consider to be the material 
within the intestine In the lower end of the gut the undigested 
cellulose of the food must become the chief stimulus , hence the 
importance of eatmg fruit and vegetables which add to the 
unchgestible bulk of the food We have already noted that the 
best stimulus to smooth muscle is stretching As Starling showed, 
however, a mere pinch of the intestine will cause a typical peristaltic 
wave to pass downwards The initial wave of relaxation may be 
shown by placing m the lumen a small balloon attached to a 

Q2 
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tamboiu Xoiinally, the peristaltic waves aie co-oidmated like 
those we have lefened to m the oesophagus The co-oidmation is 
eonsnleied to he effected thiougk Aueibaelfls plexus of neives, which 
lies between the two muscle coats Yanasi found that the intestinal 
muscle of the embno guinea-pig will contiact when dnectly stimu- 
lated but will not do so spontaneously until the plexus of Aueibach 
has been de\ eloped 

Penstalbis may be influenced chemically Drugs given foi the 
lekef of dianhcea or constipation act m vanous ways , some affect the 
amount of secietion, and thus increase or deciease the fluidity of the 
intestinal contents, otheis act on the muscular tissue 01 its nerves 
and so influence the amount of peristalsis Organic acids, including 
the ammo-acids, produced duiing digestion, will mciease peristalsis 
The bile has a similai action, but only on the large intestine , various 
oils act m the same way , certain gases also, but here again the 
mechanical effect of distension is a factoi to be leckoned with A 
vegetable diet stimulates peristalsis, partly for mechanical reasons 

— the presence of indigestible cellulose and formation of gas 

partly for a chemical leason, namely, the production of organic acids 

The rhythmical power of the mtestine is best developed m the 
upper part where the contractions aie much more lapid than m 
the lowei In the lowei parts, howevei, the contractions are greater 
Accoidmg to Alvarez these differences depend on differences in the 
metabolism of the muscles of the diffeient paits 


Movements of the Stomach 

The gastric fluid is assisted m accomplishing its share m digestion 
by the movements of the stomach The movements of the stomach 
have been studied by thiee mam methods We may study the 
behaviour of isolated strips or we may pass down the oesophagus 
balloons connected to tambour s which register changes m pressure 
By far the most important results have, however, resulted by the 
X-ray method introduced by Cannon The individual or animal 
swallows food mixed with bismuth submtiate or an insoluble barium 
salt which renders the gastnc contents opaque to the rays 

In man, the method has been particularly used by Huist and 
it is observed that the fundus and body of the stomach are relatively 
inactive and adapt themselves to the size of the contents, they 
display what may be described as postural tone Small peristaltic 
waves are seen to commence high up in the body, and when they 
reach the ineisura angulans they become more marked till m the 
pylonc region they are so active that the term pyloric mil] has 
been applied to this region (the pyloric antrum) The waves are 
commonly at intervals of 20 seconds and are often m groups By 
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putting bismuth pellets into the stomach it has been obseived that 
the waves as it weie waft the food to the pyloius, i e , the food does 
not travel so fast as the waves 

Generally the pylorus opens when the penstalic wa\es leach it, 
but it may lemam closed if the food is not suitable, if too acid food 
reaches the duodenum, if the sympathetic is very active or the 
pyloius unduly irritable Waves in. the duodenum conesponding 
to those m the antrum take on the food The suggestion of 
Cannon, that the pylorus opens when the stomach contents are acid 
and the duodenal contents alkaline, no longer appears to lefer to the 
noimal exit of food from the stomach, but to the reversed peristalsis 
which occurs when the stomach is empty It is abundantly pi oven 



a b c 


Fig 199 — (a) Vpw of the empty stomach m -vertical position, (6) stomach as seen soon after a 
bismuth meal, note the constriction due to peristaltic waves at the pyloric end, (c) -view of filled 
stomach m vertical position (After Hurst ) 

that the gastric contents may leave the stomach noimally even 
when alkahne 

M‘Swiney has shown that general movements of the stomach aie 
also co-oidinated Thus when the caidia opens the fundus relaxes, 
while when the pylorus opens there is contraction of the antrum 
He has also demonstrated by lecordmg the movements of isolated 
strips of stomach wall m Eingei’s solution that the pioperty of 
rhythmic movement of the pyloric canal is a propeity of the 
stomach- wall itself and not due to any central connection, and 
that similarly the propeity of tone is best developed to the fundus 
In severe physical or mental stress the pyloius may fail to 
open (a condition called by Hurst achalasia) and the individual 
may experience pain (indigestion) as a result of the pyloric canal 
attempting to force food through the closed sphincter Older 
physiologists had obseived that if dogs were hunted immediately 
after bemg fed the food did not leave the stomach. Hence the 
desirability of not takmg a large meal before a strenuous game 
Recently Campbell and Pembrey have shown that apparently 
trifling exercise or stress may delay gastric emptying, and that 
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much benefit accrues fiom lelaxation in pleasant company These 
points are of great impoitance in the tieatment of indigestion 
What has been said in i elation to the conditions which 
facilitate gastnc secretion applies, theiefore, to gastric movement 
also 

At the upper end of the stomach is usually seen an air-pocket, 
which may become mci eased m size and press on the heart 

Vomiting 

The act of vomiting is pieceded by a feeling of nausea, and the 
swallowing of a large quantity of saliva The expulsion of the con- 
tents of the stomach, like that of mucus or other matter from the 
lungs m coughing , is pieceded by an mspnation , the glottis is then 
closed, and immediately afterwards the abdominal muscles strongly 
act, but here occurs the difference m the two actions Instead 
of the vocal cords yielding to the action of the abdominal muscles, 
they remam tightly closed Thus the diaphragm, bemg unable to 
go up, forms an unyielding surface against which the stomach can 
be pressed At the same time the cardiac sphincter bemg relaxed, 
and the orifice which it naturally guards bemg dilated, while the 
pylorus is closed, and the stomach itself also contractmg, the action 
of the abdominal muscles expels the contents of the organ through 
the msophagus, pharynx, and mouth 

It has been frequently stated that the stomach itself is quite 
passive during vomiting, and that the expulsion of its contents is 
effected solely by the pressure exerted upon it when the capacity of 
the abdomen is diminished by the conti action of the diaphragm, and 
subsequently of the abdominal muscles The experiments and 
observations, however, which are supposed to confirm this state- 
ment, only show that the contraction of the abdo m inal muscles alone 
is sufficient to expel matters from an unresisting bag through 
the oesophagus , and that, under certam conditions, the stomach by 
itself cannot expel its contents They by no means show that m 
ordinary vomiting the stomach is passive, and there are good reasons 
for believing the contrary In some cases of violent vomiting the 
contents of the duodenum are passed by anti-penstalsis mto the 
stomach, and are then vomited. Where there is obstruction to the 
intestine, as m strangulated hernia, the total contents of the small 
intestine may be vomited 

Nervous Mechanism — Some few persons possess the power of 
vomiting at will, or the power may be acquired by effort and practice 
But normally the action is a reflex one 

The afferent nerves are principally the trige min al, and glosso- 
pharyngeal (as m vomiting produced by tickling the fauces), and 
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the vagus (as in vomiting produced by gastric mutants) but 
vomiting may occur from stimulation of other sensoiy neives, e g , 
those from the kidney, uteius, testicle, etc The medullaiy centres 
may also be stimulated by impressions from the ceiebrum and 
cerebellum, producmg the so-called cento at vomiting which occurs 
in diseases of those parts 

The efferent (motor) impulses are carried by the vagi to the 
stomach, by the phrenics to the diaphragm, and by various other 
spinal nerves to the abdominal muscles 

It is very doubtful whether there is any separate centre for 
vomiting , the centre for the reflex coincides with those of the nerves 
mentioned m the medulla oblongata 

Emetics — Most emetics produce vomiting by irritating the 
stomach , some, such as apomorphme, by stimulating the medullary 
centres 

Movements of the Small Intestine 

The mtestmal movements, like those of the stomach, take place 
independently of volition or consciousness When, however, they 
become excessive, as they do under the influence of lmtants or 
the presence of obstruction, they produce pam which is usually 
mtense 

The object of these movements is to force the contents along the 
tube, and thoroughly to mix them with the digestive juices The 
peristalsis of the intestine is slowei than that of the oesophagus, 
but the mechanism already described on p 487 is much the 
same When obstruction is present, as in the cases of violent 
vomitmg just referred to, retro-peristalsis, that is waves m the 
opposite direction, may occur There is no reason to beheve that 
this may occur normally, except possibly m the duodenum or when 
the nervous mechanisms are paralysed 

Our knowledge of the mtestmal movements rests, first, on 
observations made on the exposed intestines when the abdomen is 
opened , secondly, they may be studied under more artificial 
conditions by takmg a length of intestine from a freshly killed 
animal and placmg it m a warm bath of oxygenated Ringer’s 
solution, and thirdly, the most valuable method of all is to study 
the movements m the mtact animal by the X-ray method, as m the 
work of Cannon and of Hurst 

Ludwig was the first to call attention to the fact that peristaltic 
waves are not the only sort of movements which occur There are in 
addition what he termed pendulum or swaymg movements In the 
exposed intestine the propagation of the peristaltic wave is slow 
but variable, it may be as small as 1 cm pei m in ute In man, 
as shown by X-ray work, it is more rapid, averaging about an inch 
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per minute The pendulum movements consist of slight waves of 
contiaction affecting both museulai coats, and these are rapidly 
propagated at the late of 2 to 5 cms pei second They cause a 
movement of the intestine fiom side to side, and occur at regular 
intervals of five oi six seconds They aie not efficacious m moving 
the contents on wauls, but they bung about a very thorough mixing 
of the contents 

Cannon observed by the X-iay method m dogs and cats that 
these pendulum movements pioduce what he calls “segmentation” 
A dark shadow, due to the bismuth m the food administered, is at 
one moment of a certam length like a short sausage, it then 
constricts in the centre, and divides into two, each half divides 
again, then the two central segments join together, and this repeats 
itself every few seconds In man, wheie the same phenomenon can 
be seen, Huist timed the late, and found it occuned about ten times 
m a minute and a half This frequent division and subdivision not 
only ensures admixture with the juices, but brings eveiy portion m 
turn in contact with the absorbmg mucous membiane, and favours 
the flow of chyle and blood 

After a bismuth meal, the shadow appears in the caecum three 
and a half to five hours after the food is taken The average tune is 
four and a half houis Assuming that it begins to leave the stomach 
half an hour after a meal, the total journey along the small rates tme 
m man occupies about four hours, the small intestine is 22} feet 
long, so the rate woiks out at about an inch (a httle more than 
2 cms ) per minute 

The pendulum movements differ fiom tiue penstalsis in being 
myogenic , that is, they are due to the rhythmicahty of the muscle- 
fibres themselves, and are propagated from one muscle-fibie to 
another They are not abolished by cocame or nicotine (Starhng) 

Movements of the Large Intestine 

We have seen that m man the food begins to arrive in the 
caecum four and a half hours after it reaches the stomach , when it 
arrives m the caecum it contains 90 per cent of water, together with 
a small amount of the unabsorbed products of digestion of protems, 
fats, and carbohydrates During its passage along the large intestine 
these are absoibed, and most absorption appeals to occur m the 
caecum, the normal firm consistency of the faeces, which contain 
75 per cent of watei, is not finally attained until they amve m the 
pelvic colon, wheie they are letamed until defaecation takes place 

Peiistalsis m the colon occurs much more slowly than in the 
small intestine, and the accompanying diagram gives the time m 
hours after the taking of a bismuth meal that the shadow appears at 
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various points m man It leaches the hepatic flexuie of the colon 
about two hours after it appeals m the caecum, anothei two hours 
approximately brings it to the splenic flexure (nme hours after the 
meal) The distance from the caecum to the splenic flexure is 2 feet , 
the contents take as long to tiavel this distance as the contents of 
the small intestine take to tiavel 22 \ feet, that is, flora the pylorus 
to the caecum A further two hours is occupied m the journey 
along the descending colon, and six hours more brings it to the end 
of the pelvic colon which leads at an angle into the rectum. The 
total journey from the caecum to this point occupies thirteen and a 



half hours These times were confirmed by auscultation or listening 
over various parts of the abdomen, the gurgling and splashing 
sounds made by the arrival of food-material are distinctly audible 
These observations were made m the daytime , duiing sleep the rate 
of progress may be slower 

Some observers have stated that retro-penstalsis occuis m the 
colon, especially m its ascending portion "Waves of this kind would 
certamly mix up the caecal contents very thoroughly They have, 
however, only been seen in the exposed intestine of animals, and 
therefore may be artificially produced A study of X-ray shadows 
does not reveal their existence m man If retio-peristalsis does occui, 
regurgitation is effectually prevented into the small intestine partly 
by the lleo-csecal valve, and mainly by a strong band of circular 
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muscle-fibres called the xleo-esecal sphincter , this is normally kept 
in a state of tonic contraction by impulses earned by the splanchnic 
nerve, it is relaxed when this nerve is cut, and then the contents 
of the two intestines mix fieely (T R Elliott) 

Defalcation — The lectum is a short tube about 4 01 5 inches 
long m man, and is noimally empty until im m ediately before 
defecation In a person of regulai habits, a glass of water on 
rising, and the taking of breakfast, if attended by mental quiet, 
combme to produce peristalsis of the colon, so that a small quantity 
of feces enters the lectum, and produces the desire to defecate 
This is known as the gastio-cohc reflex At the end of the rectum 
is the anal canal, closed by a strong internal sphincter (a thickening 
of the mvoluntary circular fibres of the muscular coat), and by the 
external sphincter, which is a voluntary muscle made of transversely 
striated fibres 

The “call to defecation ” having been thus produced, the act 
itself is started by the increase m mtia-abdominal pressure brought 
about by the voluntary contraction of the abdominal wall, the 
diaphragm and the levator am. The diaphragm is kept down by deep 
mspirations, followed by closure of the glottis, this depresses the 
colon, so that the shadow of its transverse portion and the flexures 
may be lowered as much as 2 inches The transverse colon may 
not rise to its normal position until even an hour has elapsed 
from the act of straining during defaecation Accompanying the 
action of these voluntary muscles, the whole colon" from the caecum 
onwards enters into powerful peristalsis, the contents of the 
transverse colon are thus forced into the descendmg colon, from 
which they are evacuated together with the faeces already present 
between the splenic flexure and the anus The entrance of more 
faeces mto the lectum until they reach the anal canal irritates afferent 
nerves m the wall of the rectum , the nerve impulses so generated 
pass to a centre or centres m the lumbo-sacral region of the spinal 
cord, where efferent impulses are set m action upon which depend 
the reflex acts required to complete the process , these are — 

1 Strong peristalsis of the whole colon 

2 Continued contraction of the abdominal muscles 

3 Relaxation of both the anal sphincters and of the levator am 

The last traces of faeces are expelled by voluntary contractions of 
the levator am 

If the call to defaecation is resisted, the desire soon passes away, 
and may not recur until the next regular period arrives for the 
opening of the bowels, twenty-four hours later It seems likely 
that a reverse peristalsis may occur m the lower colon when hard 
masses of faeces are present This is suggested by the fact that a 
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foreign "body (an egg-cup inserted to arrest bleeding fiom piles) has 
been known to travel up to the splenic flexure whence it was removed 
surgically Neglect is one of the commonest causes of constipation, 
for the retained faeces continue to lose water, and get hardei, and 
more difficult to expeL Constipation is a possible cause of many, 
according to some of the majority, of human ailments There is, 
however, evidence that mere distension of the rectum and colon 
may bring about some of the symptoms commonly attributed to 
constipation (Alvarez) 

The voluntary muscles concerned m defalcation, namely, the 
external anal sphincter and the levator am, are supplied by the 
fourth sacral nerve, which arises from nerve-cells in the conus 
medullans of the spmal cord If the lower part of the spinal cord is 
destioyed, defsecation still occurs but it is an unconscious act, and 
the reflex is imperfectly executed, since, as we shall see, the para- 
sympathetic control is interfeied with, the destruction of the conus 
medullans prevents the normal reflexes taking place in which the 
levator am and external sphincter are concerned, and the paralysis 
of these voluntary muscles may lead to incontinence of faeces 

We thus see that the lowermost portion of the alimentary canal 
resembles its uppermost portion (pharynx and oesophagus) in being 
more under external nervous control than is the small intestine 
Autonomy at the rectal and anal portion is for obvious reasons 
undesirable 

The Nervous Control of the Alimentary Canal 

We have alieady seen m relation to peristalsis that such 
movement is independent of external nerves The activity of the 
alimentary canal is brought into relation with the general require- 
ments of the body by means of two sets of nerves The sympathetic 
and the parasympathetic (vagus and nervi engentes) 

Th© Sympathetic supply leaves the spmal cord by the anterior 
roots of the spmal neives Those for the stomach leave by the 
fifth to the eighth thoiacic roots and have their cell stations m the 
eoeliac ganglia, which they reach by the splanchnic nerves, those 
for the small intestine by the sixth thoracic to first lumbar roots, 
but do not synapse until they reach — by way also of the splanchnic 
nerves — the superior mesenteric ganglion , those for the large 
intestine by the lower thoracic roots pass down the sympathetic 
cham to the lessei splanc hni c nerves and eventually synapse m the 
inferior mesenteric ganglion, thence they pass by the colonic nerves 
to the colon, and by the hypogastric nerves to the rectum and anal 
sphincter The eventual distribution of the nerves is with the larger 
arteries 
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The Parasympathetic — The nppei pait of the alimentary canal 
is supplied bv the vagi neives, as fai as the middle of the transverse 
colon, and the laige intestine downwaids by the nervi engentes or 
pel\ xc nerves, which anse fiom the second, thud, and fourth sacral 
nerves These aie all pie-ganglionic fibres winch synapse m ganglia 



Jig 201 —Diagram of the ner\ e supply of the intestine Rafter C J Hill) Described m text 


m the intestinal wall, as may be shown by the action of nicotine, 
winch, if pamted on the intestine, paralyses vagal but not sympathetic 
action 

Local Distiibutwn of Neims (fig 201) — In the intestinal wall 
there are two laige intei connected nerve plexuses, one submucous, 
Meissner's (PI s m ), and one between the two muscle layeis, Auei lack's 
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(Plm ) The exact lelationship of these plexuses has lecently been 
reinvestigated by C J Hill, who has concluded that they aie 
essentially parasympathetic, being concerned m the ultimate distri- 
bution of the vagus fibies which we have noted synapse m the 
ganglia of the plexuses Eiorn the ganglia, post-ganglionie fibies 
pass to the muscle layers and to a dense s ubepithehal plexus which 
supplies the villi and glands The vagal fibies have little or no 
connection with blood-vessels It is to be understood that the 
so-called plexuses are composed essentially of neurones and are not 
a nerve network 

In addition to these parasympathetic plexuses Miss Hill has 
shown the presence of sympathetic plexuses, one intramuscular, fiom 
which the muscle cells aie supplied, and one suoserous, which 
supplies the serous coat and is probably sensory m function Minor 
differences occur m different regions of the gut Unlike the para- 
sympathetic, the sympathetic fibres aie closely bound up with the 
vessels of the part 

The Function of the Sympathetic is generally mhibitoiy to the 
movements of the alimentary canal, with the exception of the 
sphincters and the musculans mucosa, which are constricted The 
latter are also constricted by adrenaline, the gieat sympathetic 
stimulant Stimulation of the sympathetic 01 adrenaline causes 
inhibition of a piece of isolated intestine contiactmg lhythmically , 
indeed use is made of this in the biological assay of adrenaline 
Excitation of vthe sympathetic also causes constriction of the blood- 
vessels of the gut 

It may be assumed that the effect of pain, angei, and severe 
muscular activity m bnngmg about inhibition of the gut is exeited 
through the sympathetic, as m the case of the cardiac acceleiation 
caused by similar states 

Function of the Pao asympathetic — This appears to be augmentory 
and, as we have seen m relation to gastric juice, secretoiy The 
actual effect, for example, of stimulation of the vagus on the stomach 
has been shown by M‘Ciea and M c Swmey to depend on the state of 
the organ at the time If it is full, the stomach is contiacted, but 
if empty, it is relaxed If the intestine is contractmg, stimulation 
of the vagus brings about a brief inhibition, and subsequently maiked 
augmentation, which is caused also by the action of pilocaipine, the 
great parasympathetic stimulant, on isolated intestine 

The action of the pai asympathetic normally is most maiked during 
rest, especially that following active muscular exercise, which also 
facilitates the action of the colon by toning up the abdominal muscles 
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CHAPTER XXXIV 


INTERMEDIATE METABOLISM 

The woid metabolism has been often employed m the preceding 
chapters, and, as there explained, it is used to express the sum total 
of the chemical exchanges that occur m living tissues 

The living body is always giving off by the lungs, kidneys, and 
skin the products of its combustion, and is thus always tending to 
lose weight This loss is compensated for by the intake of food and 
of oxygen Eor the material it loses, it leceives in exchange fiesh 
substances If, as m a normal adult, the income is exactly equal to 
the expendituie, the body- weight remains constant If, as in a 
growing child, the mcome exceeds the expenditure, the body gams 
weight, and if, as m febrile conditions, 01 duimg starvation, the 
expenditure exceeds the income, the body wastes 

The different parts of the body have very different compositions, 
still, speaking of the body as a whole, Volkmann and Bischoff state 
that it contains 64 per cent of water, 16 of pioteins, 14 of fat, 5 of 
salt, and 1 of carbohydrates The carbohydrates are thus the smallest 
constituent of the body, they are the glycogen of the liver and 
muscles, and small quantities of glucose in various parts 

The most important, because the most abundant of the tissues 
of the body, is the musculai tissue Muscle forms about 42 per 
cent of the body- weight,* and contains, m lound numbers, 75 
per cent of water and 21 pei cent of piotems , thus about half 
the protein material and water of the body exists in its muscles 
The body, however, does not remain m a stable condition , even 
while nutrition is occurring, destructive changes are taking place 
simultaneously, each cell may be consideied to be in a state of 
unstable equilibrium, undeigomg anabolic , or constiuctive, processes 
on the one hand, and destructive, or hatabolic , piocesses on the 
other 

The two sides of metabolism may be compared by means of a 

* The following is m round numbers the percentage proportion of the different 
structural elements of the body skeleton, 16, muscles, 42, fat, 18, viscera, 9, 
skin, 8 , brain, 2 , blood, 5 
60S 
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balance-sheet, and the necessary data for the construction of such a 
comparison aie — 

(1) The weight of the animal before, dining, and after the 
experiment 

(2) The quantity and composition of its food 

(3) The amount of oxygen absoibed during respiration 

(4) The quantity and composition of urine, faeces, sweat, and 
expired air 

(5) The amount of work done, and the amount of heat developed 

Watei is determined by subtracting the amount of water ingested 

as food from the quantity lost by bowels, urine, lungs, and skin 
The difference is a measure of the katabolism of hydrogen 

Nitiogen — The nitrogen is derived from proteins, and appears 
chiefly in the urine Smallei quantities are el i minated m the sweat and 
faces From the amount of nitrogen so found, the amount of proteins 
which have undergone katabolism is calculated Protems contain, 
roughly, 16 per cent of nitrogen , so 1 part of nitrogen is equivalent to 
6 25 parts of prot ein , or 1 gramme of nitrogen to 30 grammes of flesh. 

Fat and Cai lohydrate — Subtract the carbon m the katabolised pro- 
tern (protein contains 54 per cent of carbon) from the total carbon 
elimin ated by lungs, skm, bowels, and kidneys, and the difference 
represents fat and caibohydrate which have undergone katabolism 

Balance of Income and Expenditure in Health 

In Chapter XXIV tables are given of adequate diets , these will 
m our balance-sheet represent the sources of mcome , the other side 
of the balance-sheet, the expenditure, consists of the excretions 

We may select as our example a typical table of this daily 
exchange of material on an ordinary diet from the work of Petten- 
kofer and Yoit In the first experiment the man did no work 


Income. 

Expenditure 

Food. 

Nitrogen, 
m gms 

Carton 
m gms 

Excretions 

Nitrogen, 
in gms 

Carbon 
in gms 

Water 
m gms 

Protein 137 gms 
Fat 117 „ 

Carbohy- 
drate 352 „ 
Water 2016 „ 

j-19 5 

315 5 

Urme 

Faeces 

Expired 

air 

17 4 

2 1 

12 7 

14 5 

248 6 

1279 

83 

828 

19 5 

275 8 

2190 


Here the body was m nitrogenous equilibrium, and it eliminated 
more water than it took m by 174 grammes, this being derived from 
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oxidation of hydiogen It stored 39 7 gi amines of caibon, which is 
equivalent to 52 grammes of fat 

The next table gives the results of an experiment on the same man 
on the same diet, but who did active muscular work during the day — 


Expenditure 

Nitrogen 

Carbon 

Water 

Urine 

17 4 

12 6 

1194 

Faeces 

2 1 

14 5 

94 

Expired air 


309 2 

1412 


19 5 

336 3 

2700 


It is important to notice that the dischaige of nitrogen was 
unaltered, while that of both caibon and hydiogen was increased 
At one time protein was considered to be the gieat source of 
muscular energy , this was first disproved by an historical expeiiment 
made by Tick and Wislicenus on themselves m their ascent of the 
Taulhorn The body is most economical m reference to protein waste, 
and any increase m nitrogenous katabolism which occurs during 
muscular work is msigmficant 

The balance-sheet method of investigation, though one of great 
usefulness, tells us very httle of the details which lead to the 
end-results We must therefore proceed to study the details, and 
we may most conveniently consider the question under the three 
headings of the principal food materials, namely, carbohydrates, fats, 
and protems 

Metabolism of Carbohydkates 

In plants, carbohydrates are synthesised by the agency of chloro- 
phyll from the simple materials carbonic acid and water, which form 
their chief foods The first substance formed is probably formic alde- 
hyde, H CHO (which is the simplest carbohydrate known), and 
this by condensation is converted into sugar, and finally, into 
starch We have no clear evidence that a synthesis of this kind 
ever takes place m animals, the mam source of animal carbohydrate 
being vegetable carbohydrate 

We have seen that the more complex carbohydrates are broken 
down to monosaccharides in digestion By sahvary digestion and 
the amylase of the pancreatic juice, starch is hydrolysed to maltose, 
which is further converted into glucose by the maltase of intestinal 
juice Cane-sugar is inverted by mvertase to glucose and fructose 
while lactose is broken down into glucose and galactose by lactase 

These monosaccharides are absorbed into the blood-stream, 
but they are lapidly, for the most part, converted into glucose, 
probably by the hver In excess they are rapidly excreted by the 
kidney as abnormal substances We may then consider glucose as 
the current carbohydrate com of the body 
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The Utilisation of Sugar — The sugar may be utilised in three 
ways it may be stoied as glycogen, in winch form it is readrly 
available foi "lecom ersion into glucose, 01 as fat, which is a more 
concentrated form of stoiage, or it may be used as fuel in the 
organs of the body, especially the muscles, whose requirements 
aie most vanable * It appeals, however, that glucose cannot be 
utilised foi any of these purposes without the co-operation of the 
internal secretion produced by the pancreas and known as insulin, 
the action of which will be dealt with fuither below 

(1) The Formation of G-ly cogen — Glycogen, or animal starch, is 
stoied in the muscles and especially m the liver It is a poly- 
saccharide, but is much less stable than vegetable starch Its 
character and pieparation have been given Its piesence m the 
liver cells may be demonstrated histologically (red colour with 
lodme) Normally it is produced when an animal is fed on a diet 
rich in carbohydrates, but a small quantity may be formed on a protein 
diet It is possible that fat may be a source of glycogen (Pavy) 
The exact mode of its formation is, however, not known On the 
other hand, if the animal fasts the liver glycogen is rapidly reduced * 

(2) The Foi mation of Fat — That fat can be formed from carbo- 
hydrates was definitely proved by the well-known experiment of 
Lawes and Gilbert, m 1852, on the fattening of pigs by feeding 
them with barley This transformation has nevei been accomplished 
outside the body and its possibility was at first denied by chemists 
How the long chains of the fat are linked together from the 
shorter carbohydrate chains is difficult to see Micro-organisms can 
accomplish the change of lactic acid into such fatty acids as acetic, 
butyric and caproic, boiling with alkali bimgs about a similar 
reaction The most recent view is that pyruvic acid or acetic 
aldehyde may be the intermediate state, but all we can say is 
that the change probably takes place in the liver 

(3) Utilisation of Caibohydrates as Fuel — The essential facts 
were discovered by Pletcher and Hopkms in 1907, but the details 
of these changes are by no means certam These have already been 
discussed m relation to the Chemistry of Muscle Contraction A 
considerable amount of evidence has accumulated to the effect that 
before carbon dioxide and water are formed there is an intermediate 
stage of hexose phosphate In support of this view, it is found, for 
example, that the addition of phosphate to minced muscle causes all 
the glycogen stoie and even added glycogen and glucose to be 
converted into lactic acid Such a substance as hexose phosphate is 
found in the muscle juice and can be converted into lactic acid and 
phosphate, and these are found m equivalent amounts Substances, 

* It never absolutely disappears m starvation, but may be caused to do so by 
strychnine convulsions or phloridzm 
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e g arsenites, which hasten the decomposition of hexose diphosphate 
m yeast fermentation, hasten the oxygen consumption and lactic acid 
formation in muscle It is known, also, that muscular work increases 
the amount of phosphate excreted 

The stages by which carbohydrates are considered by some to 
be broken down into C0 2 and water, are as follows — 


Glucose 


Y 

Dihydroxy acetone CH 2 (OH)CO CH 2 (OH) 


Lactic acid CH 3 CHOH COOH 


Pyruvic acid CH S CO COOH 

1 4 

Acetaldehyde CH 3 CHO 

4 

Acetic acid CH 3 COOH 
Carbon dioxide and water 


C0 2 HoO 


It is known that most tissues contam enzymes, which can break 
down keto-acids generally These stages, especially the pyiuvic acid 
stage, are important as they may be common points m the breakdown 
or synthesis of carbohydrates, fats, and proteins 


The Relation of the Pancreas to Carbohydrate Metabolism 

The fact that the pancreas was related to carbohydrate metab- 
olism was first demonstrated by Minkowski and von Menng m 
1889, who removed the pancieas of dogs It was observed that 
the dogs licked their urine and this led to the discovery of the 
presence of glucose in the excretion, further, that the glycosuria 
did not develop if a small piece of pancreas was transplanted under 
the skin and that otherwise total removal of the pancreas results 
m death m a few weeks A year later Schultze showed that mere 
tymg or blocking of the pancreatic duct did not produce such 
symptoms, which soon became recognised as the same condition as 
diabetes mellitus m man, m which the pancreas was known often to 
be diseased These experiments led to the suggestion that the 
islets of Langerhans which, unlike the ordinary acinar cells, do not 
degenerate when the ducts are tied, pioduced a substance which 
controlled carbohydrate metabolism This substance was called m 
advance by Sharpey- Schafer msulm 

The Preparation of Insulin — The knowledge of the subject 
remained almost stationary for thirty years, although spasmodic 
unsuccessful attempts weie made to make extracts of pancreas, 
which would alleviate the condition of diabetes, until Banting 
and his colleague Best demonstrated conclusively that there was a 
substance in the pancreas which could cause the glycosuria to 
disappear, but that the activity of extracts was usually destroyed 
by the pancreatic tijpsm They found it possible to make potent 
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extracts from the pancreas of foetal calves in which trypsin was not 
yet formed and from animals m which the trypsin-producing cells 
had been caused to degeneiate by previously tying the duct 

Subsequently it was realised that trypsin is insoluble in 
50 per cent alcohol, and this was the basis of the original 
method of extraction Extiacts are now made with cold alkaline 
alcohol or by giinding up the pancreas with solid picric acid which 
precipitates the protein and insulin and redissolvmg the latter with 
acetone (Collip, Dudley, Dodds and Dickens) Insulin is now 
used extensively in the treatment of diabetes Thus out of the 
early experiments, carried out on animals in the cause of pure 
science, an enormous benefit has been confened on mankind 

The Nature of Insulin Action — We have seen that insulin 
facilitates the oxidation of carbohydrates It has also been shown, 
by Hawley and Murlrn, that the oxidation of sugar is markedly 
increased, although, during the first hour, in insulin hypoglycsemia 
the sugar is apparently built up into some other substance 
Exactly what happens to the glucose under the action of insulin 
has been shown by the experiments of Best, Dale, Hoet, and 
Marks, who perfused for a long period a glucose solution, plus 
msulin, through the vessels of an animal m which the alimentary 
canal and its associated glands including the liver, had been re- 
moved They found that all the glucose which had disappeared could 
be accounted for by oxidation or by increase of muscle glycogen 
We may, then, look upon the action of insulin as increasing 
the activity of tissues m relation to carbohydrate, whatever that 
action may be Thus it facilitates the building of glycogen by 
the liver and muscle and its utilisation by the muscle When the 
blood sugar is high m a diabetic the injection of insulin causes, 
therefore, glycogen to be built up m the liver, but by facilitating 
glucose usage in the enormous mass of body muscle it may cause 
the blood sugar to fall below normal and the hver glycogen is then 
reduced to maintain the normal blood sugar level The intimate 
nature of the action of insulin is still a problem 

Hypoglyeeemia * (Low Blood Sugar) — If insulin is injected into 
a normal animal (or m excess into a diabetic animal) the blood sugar 
falls When the blood sugar of rabbits has fallen to 0 04 per cent , 
convulsions ensue and are a warning of immin ent death, but this 
level is not usually reached unless the animal has been starved for 
twenty-four hours to get rid of the glycogen store The standardisa- 
tion of insulin was originally carried out by dete rminin g how much 
insulin was required to lower the blood sugar to this level m a 
starved rabbit of 2 kilos It is now standardised by comparing 

* Cases have been recently described m which the hypoglycsemia was due to 
a local overgrowth (adenoma) of the islet tissue of the pancreas 
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the activity of the unknown sample with that of a standaid sample 
agreed upon by a League of Nations 5 Committee Since we know 
that oxygen is a constant lequirement of the body, especially of 
the nerve tissues, and that such oxygen is lequired to bum caibo- 
hydrate, it is reasonable to assume that failure of the fuel supply 
mil stop essential metabolism, affecting the neivous system which 
does not store fuel, and eventually causmg unconsciousness and 
death from lespiratoiy failure 

In man, a similar state occuis, but it is commonly initiated 
by hungei, sweating, loss of emotional control (parasympathetic 
activity?), faintness, and lassitude Complete recovery, however, 
occurs when glucose, adrenaline, or pituitaiy extract is injected. 
Since pituitary extract does not cause a marked hyperglycemia, 
its action appeals to be lathei an antagonism of the insulin than 
a mobilisation of glucose, such as is produced by adrenaline 

Hypoglycemia and increased sugar toleianee are common m 
some forms of pituitary disease, presumably as a result of the 
absence of this antagonismg action 

The Mechanism of Insulin Secretion — There is evidence that, 
just as the external secretion is controlled by the vagus, so also is 
the internal secretion Stimulation of the peripheral end of the 
vagus, the injection of pilocarpine or of alkali (which has many 
other actions like that of the paiasympathetie) all cause a fall of 
blood sugar In order to demonstrate this, however, it is necessary 
to paralyse the sympathetic with ergotoxme (Clark), or to stimulate 
the sympathetic previously to a maximum These facts suggest that 
whatever the nature of insulin action it acts during the time when the 
parasympathetic is most active, % e during physical and mental rest 
Of some significance may be the fact that when a diabetic is m the 
habit of taking exercise, less insulin is necessary, and we know that 
in the intervals between exercise there is often mcreased parasympa- 
thetic activity It appears that insulin is normally circulating in the 
blood, since the transfusion of normal blood brings about a lessening 
of blood sugar in a diabetic, and its presence normally in the tissues 
is indicated by the fact that there is less blood sugai in the venous 
than in the arterial blood This is not so in the diabetic (Lawrence) 

There is evidence also that the mgestion of caibohydrate causes 
an outpouring of insulin If a quantity of glucose (100 gms) is 
administered to an mdividual there is a rise of blood sugar which 
is followed by a fall below the restmg level* At this stage a 
subsequent similar dose of glucose may not cause the blood sugar 
to use 

* It has also been shown by Glen that the venous blood of a dog injected with 
glucose will reduce the blood sugar of another dog 
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amount of glycogen m a muscle diminishes if it ls made to contiact, 
and that immediately aftei seveie exeieise the blood sugai is hmh, 
and there may even be glycosuria Fuithei, it is found that °in 
severe musculai work the lespiratoiy quotient ovei the total penud 
of the work is unity, mdieatmg that caibohydiate has been 
consumed It is, theiefoie, to be expected that a mechanism foi the 
rapid mobilisation of glucose exists and, indeed, much of the oldei 
woik m relation to glycosuna, as we now lealise, suppoits this view 
The essential facts weie fiist made out by Claude Bemaid, who 
demonstiated that sugai could be formed by the liver, m the absence 
of recent feedmg of that substance He found, for example, that 
if he washed through the liver vessels with water to remove all the 
pre-formed sugar, aftei the lapse of a few houis sugar leappeaied 
He lightly concluded that; theie is m the livei a substance fiom 
which glucose could leadily be foimed This has been amply con- 
fiimed by the woik of Mann and Magath who have shown that 
many piocedures which cause an mciease in blood sugai, eg the 
pioduction of asphyxia 01 the injection of adienalme, fail to do so if 
the liver has been pieviously lemoved 

This mobilisation of glucose, accompanied by the i eduction of liver 
glycogen, takes place not only m exeieise, but also when a fall of 
blood sugar is produced experimentally by the injection of insulin 
which, as we have seen, causes a transference of the sugar to the muscles 
The actual glycogenolysis, or glycogen breakdown, is a hydrolytic 
process, like the breakdown of staich, bi ought about thiough the 
agency of a diastatic enzyme, glycogenase,* the action of which is 
governed largely by the amount of the leactmg substance present 
and by the hydrogen-ion concentration of the medium m which it 
acts It is most active just on the acid side of neutiality The 
enzyme may be looked upon as being lesponsible for the breakdown 
of glycogen, which occurs rapidly at death, and as facilitating that 
which, as we shall see, occurs m asphyxia 

The Mechanism of Mobilisation — This has been mvestigated 
largely by studying the various procedures which cause hyper- 
glycsemia and glycosuria It might be expected fiom what has 
been said that the mobilisation is under sympathetic control, and 
there is a certain amount of evidence to indicate this This view 
would appear to be supported by the classical expenments of Claude 
Bernard, who found that puncture of the flooi of the 4 th ventricle 
resulted m glycosuna, and that this did not occur if the nerve 
pathways between this pomt and the livei weie cut Unfortunately, 
these experiments tend to be complicated by interference with 
respiration and a fall of blood-pressuie, which themselves affect the 

* This enzyme also may cause the building up of glycogen from glucose See 
“ Law of Mass Action,” p 334 
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blood sugar, and they aie theiefoie not so conclusive as at first 
thought 

Stimulation of the splanchnic and hepatic neives also causes 
hyperglycemia, hut iPLeod suggests that this lesult is due to the 
stimulation of the supiaienal glands and the outpouring of 
adrenaline, smce he found that if these glands were removed 
the hyperglycemia no longei occuned On the othei hand, it has 
been found that if the hepatic nerves are cut, splanchnic stimu- 
lation no longer causes hyperglycemia, a fact which indicates 
intimate nervous influences The exact control is, therefore, still 
a i matter for decision That the mobilisation of glucose is under 
sympathetic control appears ceitain and the view is supported by 
the fact that a veiy large number of conditions which increase 
sympathetic activity generally cause hyperglycaemia Of special 
importance is the action of adrenaline or extracts of the suprarenal 
gland, which, when injected, cause a hyperglycaemia by leducmg the 
glycogen content of the liver This does not, however, occur aftei the 
injection of ergotamine which paralyses the sympathetic Asphyxia 
causes a similar hyperglycaemia, and any diug which depresses the 
respiratory centre acts likewise Similarly, sensory stimulation and, 
as we have said, severe exercise cause hyperglycaemia 

Mobilisation of glucose from the liver is facilitated by the action 
of the thyroid, as is seen by the fact that feeding with thyroid 
increases the ^hyperglycaemia produced by adrenaline, and lessens 
the hypoglycaemia caused by insulin Hyperthyroidism m man 
pioduces hyperglycaemia, and, as we shall see, so does increased 
activity of the posterior lobe of the pituitary body 

We see then, that hyperglycaemia may be the result of a variety 
of procedures For completeness, we may add agam that excision 
or disease of the pancreas has a similar effect, due, however, not 
to mcreased mobilisation, but to reduced sugar utilisation 

Diabetes Mellitus — The term diabetes mellitus is given to disease 
of the pancreas, usually of the nature of a chronic mflammation which 
leads to a typical reduction of capability to utilise carbohydrates, 
with hyperglycaemia and glycosuria as a result Experimentally, 
a similar result is produced by removal of the pancreas Smce the 
subsequent removal of the liver causes a fall of blood sugar, even 
if the liver has been previously exhausted of glycogen by starvation 
(Mann and Magath), we must assume that the hyperglycaemia of 
diabetes is m part due to an excessive action of the liver m forming 
sugar A study of the ratio of dextrose to nitrogen excreted in the 
urine (D A mho) suggests that in the diabetic sugar is formed 
from protein The necessity of gettmg rid of the excess of sugar 
in the blood brmgs about an excessive secretion of urine which, 
together with the fuel loss, leads* to great thirst and appetite 
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There is at the same time gieatly impaired vitality, with increased 
liability to infection 

As a result of the faulty combustion of caibohydiates, fats aie 
incompletely burnt, and the abnoimal pioducts formed give use to 
an acidsemia or ketosis (see p 516) In the treatment of diabetes 
glucose is commonly given with the insulin to prevent hypo- 
glycsemia, but should the latter ensue it may at once be relieved by 
the administration of glucose, adrenaline, 01 pituitaiy extract 


Metabolism of Fats 

The chemistiy of fats has already been consideied 
The Origin of Fats m the Body —The fats in the body arise 
from two mam sources, namely, the fat and also the caibohydrate 
of the diet We have already refened, m relation to the metabolism 
of carbohydrate, to the classical experiment of Lawes and Gilbeit, 
who demonstrated that pigs could be fattened on a diet consisting 
chiefly of carbohydrate — barley (see p 506) They found that the 
fat formed was greatly m excess of the small quantities unavoidably 
given in the food It was considered by Yoit and Pettenkoffer that, 
since they could fatten dogs on lean meat, fat was probably formed 
from protein, and on theoretical grounds tins seems possible, since, as 
we know, the non-ammo part of ammo-acids may be utilised as fuel 
At the time, the experiments weie not accepted as conclusive, because 
the glycogen and fat of even lean meat had not been sufficiently 
considered The more recent work of Atkmson, however, supports 
the earlier view, that m exceptional circumstances feeding on large 
quantities of protem may lead to an accumulation of fat 

As we have seen m relation to digestion and absoiption, the 
fatty acid and glycerol components of the fat undergo a temporary 
separation but they soon unite and pass via the chyle mto the 
blood Only 60 per cent of the fat taken can, however, be recovered 
from the thoracic duct and no satisfactory account foi the remamder 
has yet been offered It may be stoied locally, or may be absorbed 
mto the blood If the latter, it must be removed at once, as the 
blood fat does not use if the thoracic duct is tied 

The Blood Fat — Like the blood sugai, the blood fat rises after 
a meal and may reach a maximum of 2 per cent about six hours 
later A little later there is an mcrease of the lecithin and 
cholesterol of the blood In disease, e g diabetes melhtus, in which 
fat metabolism is disordered, the blood fat may rise even to ten times 
the normal maximum 

It has been suggested that lecithin is formed from the blood 
fat and that it has a special importance m relation to the transport 
of fat in the body (Bloor) It would be well suited for this 

R 
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purpose, as it is miscible with watei and is easily formed from 
fatty acids The corpuscles of the blood contam more cholesterol 
and lecithin than the plasma, but it is not known what significance 
this fact may have It has been suggested, from observations on 
the tail of the tadpole, that the leucocytes have some special function 
in fat transpoit, smce they have been seen loading and unloading 
themselves 

The Utilisation of Fat — The fat is burnt as fuel, or it is stored 
in the fat depots of the body It is probable that lipide, possibly as 
lecithin, is an essential part of a large number of tissues, and even 
m death from starvation fat is never wholly absent from the 
tissues Normally, however, it is not appaient even on micro- 
scopic examination of thm sections, but becomes evident m the 
pathological state known as fatty degeneration During lactation, 
some of the fat is secieted m the milk A small proportion may 
be built up mto the more complex phospho-hpides, or phosphatides 
In modem terminology, the term hjpide has been decided upon 
by convention to cover all such substances related to and mcludmg 
the fats These phosphorus-containing compounds are important 
in many cells of the body The most important is probably lecithin, 
which contains fatty acids combmed thus — 

^stearic acid 
Glycerol^-oleic acid 

\phosphonc acid 

I 

choline 

It is probably a constituent of all cell membranes and plays a part 
m permeability and surface phenomena 

The storage of fat takes place in the liver and m that variety 
of connective tissue known as adipose tissue which occurs specially 
below the skin and m the omentum and mesentery, m the cells 
of adipose tissue the fat is present in the form of large droplets, 
fluid at body tempeiature These deposits are known as the fat depots 
Normally the fat which is built up by an animal is peculiar 
to that animal, but if it is starved and subsequently fed on fat 
unusual to its diet, it may put on fat of another composition 
The different fats can be readily identified by their melting-points 
and their lodme values 

When, therefore, an animal takes a fat different m cQm- 
position from its own fat, the appropriate fatty acids are added 
or taken away before the fat is deposited We must presume, 
m the absence of more exact knowledge, that the additional fatty 
acids are specially made for this purpose from the carbohydrates 
of the diet Munk further discovered the remarkable fact that if 
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fatty acids are given as food the chyle contains fat, the glyceiol 
having been added by the intestine 

The normal neutial fat of the depots contains 95 per cent of 
satuiated fatty acids The liver fat, on the othei hand, is usually 
much moie unsatuiated than that of adipose tissue and this appears 
to be of special significance m the preparation of fat foi final 
combustion (Leathes) 

In certain circumstances the livei fat may resemble that of 
the adipose tissues, and this is due to the infiltration of fat into 
the liver from the depots prior to its oxidation 

This storage of fats m the depots is most important, as fat 
is a most economical foim of fuel, or souice of potential energy 
The storage of 100 calories may be effected m a space of 12 c c 
of adipose tissue weighing 11 grammes, the stoiage of the same 
amount of potential energy as glycogen is nevei effected m less 
than ten times that bulk of liver tissue weighing 130 grammes, 
and larely in less than double this amount If the formula of 
a fat is compared with that of a carbohydrate, it will be observed 
that fat is relatively deficient in oxygen, and when it has to be 
burnt it requires more oxygen than a carbohydrate Hence it is 
that a gramme of fat has a higher calorific value (9 3) than carbo- 
hydrate (41) and that the burning of fat is accompanied by a 
lowering of the respiratory quotient 

The Oxidation of Fats — Although we know that fats are 
eventually oxidised to caibon dioxide and water, the intermediate 
steps aie as yet by no means certain A considerable amount of 
evidence has, however, accumulated to the effect that the long chain 
fatty acids aie first oxidised to smaller chains Thus caproic acid 
becomes butyric acid, and so on until C0 2 and H 2 0 are reached 

CH S CH 2 CH 2 CH 2 CH 2 COOH + 3 0 2 

= CH 3 CH 2 CH 2 COOH + 2 C0 2 + 2 H 2 0. 

We may indicate, as suggested by Knoop, the reactions which 
take place m the metabolism of butyric acid thus — 

CH S CH 2 CH 2 COOH (butyric acid) 

(1) + O = CH S CHOH CH 2 COOH (/3-liy droxy butyi ic) 

(2) + O = CH 3 CO CH 2 COOH + H a O (aceto-acetic or dxacetic) 

(3) + 4 0 = CH S COOH + 2 C0 2 + H 2 0 (acetic) 

(4) +40 = 2 C0 2 + H 2 0 

Although, however, this oxidation is shown occurring m stages 
it must be understood that the reactions all occur together 

That the long chain loses two carbon£atoms at once from /the end 
where the COOH group is attached (/3-oxidation), is suggested by 
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the following ei.peiun.ents Advantage is taken of the fact that the 
body cannot bieak down the benzene ring An aitificial fatty acid 
containing this img is made and admimsteied to an animal The 
fatty acid chosen may have an even or an odd number of carbon 
atoms , one with an odd numbei is more completely oxidised than 
one with an even numbei, further oxidation being prevented by 
the foimation of a stable end-product Thus fiom a fat with an 
odd number, the end-product benzoic acid (C 6 H 5 COOH) is produced, 
from a fat with an even number the substance phenyl acetic acid, 
(C 6 H 5 CHo COOH) is the end-product The end-product m each 
instance combines with glycine to form hippune and phenacetunc 
acid lespectively and as such is recognisable in the urine 

Similarly, Embden and his co-woikers have found that in a 
perfused isolated livei, more acetone is pioduced when fatty acids 
with an even numbei of carbon atoms are added to the blood than 
when one with an odd numbei is added This can be explained 
if oxidation results m the removal of two carbon atoms at a time 
from the fatty acid When only four carbon atoms are left, butyric 
acid is formed and this is known to give use to acetone under these 
conditions, whereas piopionic acid, which would be derived m the 
same way from an acid with an uneven number of carbon atoms, does 
not In this connection it is of mterest that the only fats which the 
body is called upon normally to metabolise have an even number 

It is interesting also to observe that Dakin has found that 
oxidation with hydrogen peroxide (which we know is important m 
biological oxidation) will bring about /3-oxidation m mtro * 

In addition to this type of oxidation it has been shown by 
Leathes and his co-workers that the liver may convert saturated acids 
into unsaturated ones (desaturation) This process lemoves two 
hydiogen atoms in the middle of the cham and makes it more easily 
split into two shoiter chains It thus renders them more liable to 
further oxidation and may represent a preliminary stage m the 
oxidation of fatty acids 

Ketosis — This condition, we have seen, may occur in diabetes 
melktus as a result of faulty combustion of carbohydrates In this 
condition the blood fat may rise to 20 per cent When the four- 
carbon stage is leached (butyric acid) by successive oxidations m 
the position, the oxidation process appears to be more diffi cult and 
to depend m some way on the simultaneous combustion of carbo- 
hydrates If the combustion is deficient as m diabetes, the oxidation 
of the butyric acid instead of proceeding completely to carbon dioxide 
and water stops or is delayed at the stages of /3-hydroxybutyric acid 

* More recently Raper and Clutterbuck have found that hydrogen peroxide 
may bring about oxidation in the alpha and gamma positions, but the biological 
significance of this pomt is not yet evident 
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and diaeetic acid The latter, CH 3 CO CH 0 COOH, leadilv loses 
CO; foiming acetone CH 3 CO CH 3 \vhich gives the bieath and mine 
the characteristic apple-like odour 

The piesence of acetone is not necessarily of serious significance, 
but the occuirence of chacetic acid indicates the piobable piesence 
also of / 3 -hydioxy butyric acid which may pioduce a serious acidosis 
m the individual and may eventually cause death More complete 
oxidation is facilitated by the administration of caibohydrate and 
of insulin It is a remaikable fact that the Esquimos can consume 
a very high fat diet, and hibernating animals use their fat without 
evidence of ketosis This has not yet been satisfactorily explained 

Enzymes m Fat Metabolism — Esteiases, since they hydiolyse 
esteis, and are piesent in many tissues, piobably play a part m 
assisting m hydrolysis and synthesis of fat, the reaction which 
they bring about being reveisible and the lequnement of the 
body determining the direction 

Protein Metabolism 

In discussing the metabolism of carbohydrates and fats in the 
animal organism, it has been shown that the changes suffeied by 
these components of the diet are essentially related to the production 
of mechanical energy, or heat Protem may m part similarly be 
used as fuel, but its most impoitant function is giowth and repair 
Protein alone among the foodstuffs contains the elements essential 
for the construction of new tissue, not only in the growing animal 
but also in the adult, where tissue wastage is constantly occurring 
owing to wear and tear processes Moreover, it is becoming evident 
that these same elements aie also required for the elaboration of 
substances of importance m the legulation of the organism, eg 
thyroxine Hence it is seen that the piotem of the food plays a 
role in the animal organism which cannot be undertaken by any of 
the other constituents of the diet 

Destination of the Ammo -Acids — Concerning the actual mode 
of this elaboration of new tissue and of regulative secietions very 
little is known Nevertheless, available evidence indicates that 
the amino-acids, which we have seen are the ultimate breakdown 
products of the protem of the food during digestion in the alimentary 
canal, are intimately connected with this process Yan Slyke, for 
example, investigating the fate of amino-acids mtravenously injected, 
found that not only did they rapidly disappear fiom the blood- 
stream, but also that this disappearance was due to their absorption 
by the tissues 

The increase of ammo-acids after the injection was greatest 
m the liver, though the kidney and muscle appeared to retain 
their quota f 01 a longer time / ^ The L fall m the hver amino-acids 
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which takes place aftei the first hour was, moreovei, accompanied 
by a rise m the blood uiea and, as it will be seen later, these 
two phenomena aie closely i elated It is thought that normal 
absorption of ammo-acids by the tissues takes place in much the 
same way Having thus loaded themselves with ammo-acids, the 
tissues proceed to pick out those they particularly require, either 
to incorporate them into then own substance, or for the production 
of secretions, those ammo-acids not so required, however, may be 
retained or tiansfeired by way of the blood-stream to the hver, 
where they aie broken down and the non-ammo part used as fuel 
There are, then, two mam processes m protein metabolism , firstly, 
the buildmg-up of ammo-acids from the blood-stream into the 
tissues, and secondly, the decomposition m the liver and sometimes 
m muscle of the ammo-acids not so required 

In addition to the metabolism of the protein of the diet, one 
must also remember that ammo-acids are hberated from body 
protein during tissue wastage and that every living tissue is 
periodically replaced. These ammo-acids are dealt with m exactly 
the same way as those of the diet, but as would be expected, such 
protein metabolism does not vary m amount like that of the diet 

Folin has classified protein metabolism on this basis Metabolism 
which is 4 closely related to the synthesis and breakdown of body 
tissue is called endogenous, while that not so i elated is called 
exogenous 

From a study of the end-products of the metabolism which appear 
m the urine and the extent to which they can be made to vary 
according to the diet, we can get an idea of the amount of the 
endogenous metabolism When a diet pool m protem is given, it 
is found that the output of creatinine and neutral sulphate remains 
fairly constant These compounds Folin regards as products of 
endogenous metabolism, and the others, e g urea, inorganic sulphate, 
which vary according to the quantity of protem m the diet, are 
mainly exogenous m origm 

In conditions of excessive tissue breakdown, e g during involution 
of the uterus and in fever, the creatinine is much increased 

We are now m a position to consider the fate of those amino- 
acids which are either not required for the purpose of tissue 
elaboration or are set free durmg tissue breakdown The first 
change suffered by them is that of deamination, a process brought 
about by enzymes The origmal conception of this process was 
that ammonia is hberated from the ammo-acid and a keto-acid is 
formed, but opmion is that the ammo-acid is combined with glucose 
or some such substance and the resultmg compound is oxidised to 
a keto-acid, cyamc acid, and water Many old experiments have 
appeared to indicate that the ammonia so hberated combines with 
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the caibon dioxide and watei, which are always piesent with the 
formation of ammonium caibonate 

It was shown, for example, by Sehioder in 1882 that this lattei 
substance, if perfused thiough the livei, was conveited into uiea, 
and it has therefore been consideied that ammonium caibonate is 
probably an mteimediate stage m the formation of urea noimally, 
and that it readily undeigoes dehydiation, as shown by the following 
reactions — ‘ ° 

/NH„ 

■> 0 = C( +H,0 

x ONH 4 

[Ammonium caibamate ] 


(1) o = c< 


/ONH, 


'ONH 4 

[Ammonium carbonate ] 


(2) o = c 


/H 2 

^ONH^ 


[Ammonium carbamate ] 


/NH 0 

> 0 = C< +H 0 0 

X NH 2 

[Urea ] 


The feeding of a m monium caibonate to animals also causes an 
mcrease in the excretion of urea 

As a result of the work of Wernei, the formula of uiea, as given 
above, and its mode of formation from ammo-acids may require 
considerable modification He has pointed out that, smce urea 
forms only one salt with nitric acid and not two, which would he 
the case if there were two basic (NH 2 ) groups in the molecule, 

/H 2 

the formula CO for uiea is incorrect Instead, it is considered 

nh 3 

that the formula 1STH = C( | is the true one, and that the 

X 0 

intermediate stage in the bieak-down of ammo-acids to uiea is not 
ammonium carbonate but cyanic acid, which m neutral aqueous 
solution is partly hydrolysed to ammonia and carbon dioxide and 
partly converted into urea by combination with ammonia These 
changes are pictured thus — 


HOCN ^ HCN0 + H 2 0 ^ NH 3 + C0 2 


NH S 


NH = C 


O 
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The whole of the urea found m the urine is not formed m this fashion Some 
of it arises by the action of the enzyme argmase which has been found m various 
organs, and which is capable of hydrolysing the ammo-acid arginine with the 
formation of urea and a second ammo-acid, ornithine, thus * — 


NR,— C— NHCHo— CHo— CHs—CH — COOH 

1h nh, 

[Arginine ] ^ 

CO(NHo> 2 + NH^CHo^-CH-COOH 
[Urea ] I 

NHo 


+ H 2 0 

[Water ] 


[Ornitlime ] 

The ornithine so liberated is available for further use by the body 


The process of urea formation takes place in the liver, and if an 
Eck fistula is made (% e , the portal vein is joined to the vena cava) 
so that the liver is short-circuited, no urea is formed Mann and 
Magath have shown that lemoval of the livei causes a steady 
decrease of the uiea in the blood and mine, provided mine secretion 
continues If the flow of urine ceases 01 the kidneys aie lemoved, 
the blood urea remains constant, indicating that uiea is not destroyed 
in the body The results also confiim the view that the liver is the 
only site of uiea foimation These workeis also found no evidence 
of deamination of injected ammo-acids after removal of the liver 
Older expenments with the Eck fistula showed an accumulation of 
ammonia m the blood and indicated that deamination might take 
place m other tissues (See Liver) Experiments on the heart 
support this view * 

The urea so formed passes into the blood-stream and thence 
by way of the kidney into the urine 

The reverse process, of making ammonia from urea, also takes 
place m the body This is dealt with further m 1 elation to the 
ammonia-urea latio of the urine 


Purine Metabolism 

We have yet to consider the metabolism of the special group 
of proteins called nucleo-protems As the name suggests, these 
compounds contam nucleic acid, a complex organic acid con- 
taining phosphorus, which is found widely distributed in animal 
and vegetable tissues It is an important constituent of nuclei and 
is, therefore, present m quantity in cellular organs such as the liver, 
thymus, pancreas, lymphatic glands, and testes Moreover, in man, 
it is the precursor of uric acid, and a study of its metabolism is 
therefore of importance 

* Ammonia is formed by an asphyxiated heart-lung preparation 
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During digestion the nueleo-pioteins undeigo a vanety of changes 
which primarily break them thus — 

nucleo-protein 

^ (by gastric digestion) 

piotem + nuclem 

(by gastric digestion) ^ ^ (by nuclease of mtestmal juice) 

peptone nucleic acid + protein 

The final end-pioducts which pass into the blood are ammo- 
acids, fiom the protein pait, and purines, pyimndines, phosphoric 
acid, and hexose (or pentose), fiom the nucleic acid Before passmg 
to a consideration of punne metabolism, it will help matters 
considerably if we refer to the chemistiy of these substances The 
constitution of puiine is 

(1) N = CH (6) 

(2) HC (5) C NH (7) 

!i j ^CH (8) 

(3) N C N 

0 ) ( 9 ) 

or moie simply /H (2) 

Pu Ah (6) 

\H (8) 

where Pu represents the purine residue 

The more important purmes foi our point of view are adenme 
and guanine, whose simplei formula aie respectively 

/H (2) /NH 2 (2) 

Pu^-NH 9 (6) and Puf-OH (6) 

\H - (8) \H (8) 

These two compounds, after absorption from the intestine, pass 
to the liver and other tissues, where they are deaminised m much 
the same manner as ammo-acids, by the respective deaminases 
adenase and guanase Adenine, under these conditions, yields 
hypoxanthme, or 6 oxy-purme 

/H (2) 

PuAOH (6) 

\h (8) 

while guanine yields xanthine or dioxy-punne 

/OH (2) 

PuAoH (6) 

\H (8) 

R 2 
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H}po\anthineand xanthine aie then oxidised with the formation 
of uric acid , 2, 6, 8 — tnoxy-purine, 

/OH (2) 

Pu/OH (6) 

X)H (8) 

which is excieted m the urme as its sodium and potassium salts 
While the changes thus described are taking place m the liver, 
the nucleic acid, which is a constituent of all cells, also suffers 
similai changes Hence the uric acid, which finally appears m the 
urme, is partly endogenous m charactei, and partly exogenous 

While in man the uric acid so formed is excreted as such, yet 
many mammals, paitieularly the dog, are able to carry the process 
of oxidation one stage further, with the result that one of the 
puime lmgs is bioken and allantom is formed In the urme of 
these animals allantom thus largely replaces uric acid In other 
mammals agam, the allantom so formed appears to be broken up 
with the ultimate formation of urea 

For our present purpose we might summarise the above changes 
simply, thus — 

Nucleo-Protein Nucleo-Protein 


of tissues 

i 

i 

nucleic acids 
purine bases 

I 


of food 


4 

adenine 
(by adenase) 

4 

hypoxanthme 


+ O- 


4 

guanine 
(by guanase) 

4 

xanthine + O 

4 


4 

Uric Acid (man) 

(by uncase) 

4 

allantom (dog) 

4 

urea (other mammals) 


The mode of excretion of uiic acid in man is dealt with under 
“ Urme ” 

It is of mterest that the chief mtrogenous constituent of birds' 
urme is uric acid, and here the uric acid appears to be built up m 
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the liver from the urea pioduced during the oidmaiy pioeesses of 
protem metabolism That such a synthesis takes place in the bird 
can be shown by cutting out the livei from the cnculation Under 
these conditions it is found that urea and ammonium lactate 
accumulate in its blood 

An explanation of the necessity for the mtake of apparently 
unduly large amounts of piotem is piobably, as suggested by Hopkins, 
that certain of the cleavage products of protem are more important 
than otheis for body-building and foi the elaboration of some of the 
special secietions of the body such as those of the ductless glands, 
6 g adienalme and thyioxme (See Ductless Glands ) 

The requnements of special ammo-acids for body-buildmg are 
dealt with further on p 525 

Special Piotem Metabolism — In addition to the pioeesses 
described above, which concern the mtiogen of the protem molecule, 
the body has certam special mechanisms to deal with any other 
elements m protems such as sulphur oi phosphorus The method 
of excretion of the surplus mtake of such elements is dealt with m 
the chapter on Urme 


Growth and Maintenance Synthesis in the Body 

We have now a rational explanation of why it is that the 
organism can construct the protems peculiar to itself and maintain 
its chemical individuality, although the food taken vanes so widely 
m composition 

If a man wants to build a house from the bricks of another 
previously built house, he naturally takes the latter to pieces first, 
uses the bucks most suitable for his purpose, and arranges them 
m a way different from their previous arrangement This idea 
explams why we speak of the ammo-acids, the final cleavage 
products of protems, as building stones, these fragments are 
rearranged by the tissue cells mto tissue-protem, which is different 
architecturally from the food-protem 

Abderhalden published a very striking experiment m confirmation of this view 
He collected the blood of a horse, separated out the various proteins of the plasma, 
and estimated m each the yield of certam cleavage products (glutamic acid and 
tyrosine) which resulted from hydrolysis He then fed the horse so that it 
formed new blood, but the only protein given was gliadm, a vegetable protein, 
which is remarkable for its high percentage yield (37 3) of glutamic acid. But m 
the regenerated blood protems the percentage yield of glutamic acid was not 
increased at all, the figures obtained were identical with those m the proteins 
previously present. 

It is a far cry from the highly specialised organism of the horse to the proto- 
plasm of the simple mould known as Aspergillus mger , nevertheless, the same 
general rule holds the protem matter present yielded on hydrolysis, glycine, 
alanine, leueme, glutamic and aspartic acids, but aromatic products, such as 
tyrosine and phenyl-alanine, were not discovered The mould was then cultivated 
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on media of widely-varying composition, but the protein formed m the living 
protoplasm remained constant in composition, and was thus independent of the 
composition of the nutritive medium 

What, then, if this is the case, would be the fate of food proteins introduced 
directly into the blood-stream without the intervention of the alimentary digestive 
processes ? If the preliminary cleavage m the gastro-mtestmal tract is abso- 
lutely necessary, one would anticipate that a foreign food-protein (such as 
edestm from hemp seed, or excelsm from Brazil nuts) administered by intravenous 
or mtrapentoneal injection would not be assimilated, but would be cast out of the 
body m one or more of the excretions But Mendel and Rockwood found that 
they were not eliminated m either urine or bile In some cases, a proteose 
was found m small quantities in the urine, but the greater part of the protem 
a dmi nistered was retamed m the body, especially when injection was performed 
slowly 

The fact that proteins are retained after this method of administration and 
apparently used m the body does not really militate agamst the theory that 
proteins under normal conditions are more or less completely broken down m the 
alimentary tract It is more than probable that cleavage is absolutely necessary 
for assimilation, and here the enzymes present m the tissue-cells step m , they are 
capable of taking the place of the pancreatic trypsm and intestinal erepsm and 
doing their work. The presence of a proteose m urme m some of Mendel and 
Rockwood’s experiments points in this direction, and this view is supported also by 
Vernon’s discovery that every tissue of the body has an ereptic action, and 
that m some tissues this power is even greater than m the mtestmi juice 

It must not, however, he supposed that all the building stones of 
the food-protem are utilised m this way The body is remarkable 
for its economical use of the tissue-proteins, and quite a small 
quantity relatively is used up in our daily activities, and so lepair 
is only necessary to the same small extent We may agam get 
some assistance fiom our example of the man building a house 
When he takes the first house to pieces, there will be a lot of 
useless bricks and other rubbish, and if the house he wants to build 
is a smaller one than the one he has destroyed, he will have to 
discard also many bricks which are not rubbish So it is with the 
fragments of the food-protem, which, on usual diets, is more abundant 
than is necessary for the building of tissue-protein The excess we 
have seen is deaminated and the nitrogen discharged from the body 

It should be further noted that the nitrogen of the piotem is 
split off from it by hydrolysis, not by oxidation, so that the products 
of bieakdown retam almost mtact the previous energy of the 
protem, and the non-nitrogenous residue is then available for calorific 
processes in the same way that the non-mtrogenous foods (carbo- 
hydrates and fat) are 

To continue our analogy of the house-builder, it is generally 
found that m addition to the building stones provided from the 
destruction of the previous house, he may want some new bricks 
altogether Is this a possibility m the body ? Eesearch has agam 
answered this question m the affirmative, and shown that the 
body-cells possess a pieviously unsuspected power of synthesising 
ammo-acids for themselves 
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Essential Ammo- Acids — Eeseaich has established the fact 
chat one of the impoitant building stones is phenyl-alanine, and 
its near relative tyrosine is another, foi when they aie injected 
into the blood-stieam they do not appeal as uiea in the urine 
We also know that pi o terns which yield no tyrosine, such as 
gelatin, are of inferior value as food Gelatin is also destitute 
of the tryptophan radical, and tiyptophan is specially useful 
too Zem, the protein of maize, lacks tiyptophan, and if tiypto- 
phan is added to a zem diet, annuals fed on the mixtuie 
thuve better than those whose sole nitrogenous food is zem 
Histidine and prolme aie also probably m the same category, and 
recent reseaich has shown that lysine is a most important “building 
stone ” 

The different members of the protein family have thus unequal 
poweis m repairing the body waste Still moie important is their 
diffeience m promoting growth m young animals Work by Hopkms, 
Osborne, Mendel, and others has shown that it is possible to keep 
animals alive and m health when they receive then nitrogen m the 
form of one protein only, mixed of course with the propel supply 
of other food But if these animals aie gi owing, the choice of 
the protein given is a mattei of great importance Eepaii processes 
m the adult aie of a different character from those of growth m the 
young animal , m the adult cell, katabohsm and repan do not mvolve 
the destruction and resynthesis of entne protem-molecules , complete 
synthesis of these molecules must obviously occur when growth is 
takmg place This work has also brought to hght the fact that, m 
the animal body, there is a power of synthesising comparatively simple 
food material mto more complex substances far m excess of what was 
previously considered to be the case Thus hpoids can be built from 
inorganic phosphorus compounds, and proteins constructed from 
ammo-acids Some even have asserted that ammonium salts given 
by the mouth can be utihsed for piotem construction, but this has 
not yet been conclusively proved The body also possesses the 
power of building up ammo-acids which are absent from the food, 
and of convertmg one ammo-acid mto others This ability is most 
marked m the adult animal, it is m the young animal that the 
actual administration m the food of the necessary building stones 
is indispensable ^ 

Let us take one or two mstances which illustrate this Eats were 
fed for long periods on food-mixtures which contamed only a smgle 
protein When ghadm, edestm, or easeinogen, proteins of very 
different composition, were administered, the animals thrived and 
showed neither loss of weight nor any other metabolic disordei 
Glycme is absent from casemogen, lysme and glycme from ghadm, 
phosphorus from ghadm and edestm, and purrnes were absent 
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from all three The synthetic activities of the animal body, and the 
possibility of the transmutation of one ammo-acid mto others, are 
thus emphasised 

Another example may be taken from an animal higher m the 
scale A food-mixtuie m which gkadin was the only source of 
nitrogen was given to a puppy m place of its mother’s milk, this 
produced typical failure m giowth Nevertheless the mother dog 
thrived on the same diet and actually produced young, and secreted 
milk in sufficient quantity and quality to induce normal growth m 
her offspring No strongei proof could be adduced of a power in 
the adult body to synthesise “building stones” which are absent 
from the food Special ammo-acids enable the body to make its 
internal secietions foi example tyrosine is necessary for the 
formation of thyroxine and adrenaline, otheis are valuable foi 
purposes of detoxication, for example glycine for the detoxication 
of benzoic acid 

The only other example selected from the large mass of matenal 
at hand illustrates the importance of those unknown but indispens- 
able constituents of a diet which are referied to m our section on 
Vitamins An animal, or at any rate a gi owing animal, cannot 
live on piotein alone, even if it is mixed with appropriate mineral 
salts, and with a propel supply of fat and carbohydrate to supply 
the necessary eneigy, these other organic compounds of uncertain 
nature are absolutely indispensable Hopkins, who has worked 
extensively on the essential ammo-acids, was one of the earliest to 
recognise the importance of what we now call vitamms, and the 
effect of quite small quantities of such substances is admirably 
illustrated in his published work Groups of young rats were fed 
on a diet of caseinogen, fats, carbohydrate, and salts, and compared 
with other rats on the same diet, plus a small ration of fresh milk, 
which we now know contains the growth-promoting vitamin A 
The former soon ceased to grow, the latter grew normally The 
consumption of food was practically the same in all the animals, 
but the milk addendum reduced the food necessary for a given 
mcrement m weight to one-half or less Moreover, cessation of 
growth occurred befoie there was any loss of appetite to account for 
it What vitamins are we do not yet know We can therefore only 
surmise that they may contain some particular “building stones” 
which the animal body is not able to make for itself , or it may be 
that the effect is due to a stimulating action upon the cell-protoplasm 
which leads to the development of the necessary synthetic power, 
or, as we know m the case of vitamin D, to the promotion of the 
absorption of an essential substance (such as calcium) from the 
alimentary canal 
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1 Starvation 


The term “ starvation 55 is used veiy loosely In a scientific sense 
it may he taken to include any deficiency in the food or water 
intake, but by convention it is undei stood as complete deprivation 
of food, water only being supplied 

During starvation the body gradually loses weight , the tempeia- 
ture, after a preliminary rise, sinks, the functions get weakei by 
decrees, and ultimately death ensues when the body has lost about 
50 per cent of its origmal weight Death may be delayed somewhat 
by artificial warmth, so that the strain on the internal production of 
heat is not so great If water is given, life may continue for rather 
more than a month The age of the animal influences the time at 
which death occurs This statement was originally made by 
Hippocrates, and has been borne out by the expeiiments of Maitigny 
and Chossat Young animals lose weight more quickly, and die 
after a smaller loss of weight than old 

The excretion of nitrogen falls quickly at the commencement of 
starvation, and even on the first day smks to half the noimal This 
lessening goes on for a few days, after which it remains constant, 
about the end of the fourth week it uses again when the fat of the 
animal has been used up, and the body makes an inci eased call 
on the piotem constituents of its protoplasm — “the premoital use” 
With the onset of symptoms of approaching death, which is some- 
times accompanied by convulsions, the excretion of nitrogen rapidly 
falls again probably owmg to renal failure The sulphates and 
phosphates of the urme show much the same series of changes 
The discharge of carbonic acid and the mtake of oxygen fall 
contmuously over the whole period 

It is important to note, that wastmg does not occur to an equal 
extent m all the tissues and organs Those which are most essential 
to life are fed at the expense of the others thus the heart loses 
little or none, and the central nervous system loses at most 3 per 
cent of its weight The fat nearly all disappears, at least 97 per 
cent of it being used up , muscles lose 30 per cent of their origmal 
weight, and most of the other organs suffer also but m varying 
degrees Taking the total loss as 100, Yoit gives the loss due to 
that of individual organs as follows — 


Bone 5 4 

Muscle 42 2 

Liver 4 8 

Kidneys 0 6 

Spleen 0 6 


Pancreas 0 1 

Lungs 0 3 

Heart 0 0 

Testes 0 1 

Intestines 2 Q 


Brain and cord 

0 1 

Skin and hair 

8 8 

Fat 

26 2 

Blood 

37 

Other parts 

5 0 


The study of starvation is important, as it gives information 
regarding the so-called nitrogen equilibrium, or balance between 
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nitrogen output and intake of the body It is found that in 
carnivora, m older to make the nitrogen intake equal to that 
excreted, about thiee tunes the amount excieted in starvation has 
to be given, but m man mtiogen equilibrium can never be attained 
on piotein alone The moie nitrogenous food given, the ruoie is 
utilised, and the excretion always exceeds the intake The additional 
piotem is really used as fuel to supply the essential eneigy requne- 
nients and does not pi event tissue wastage The fuel requirements 
are actually increased by the piotein itself m virtue of its specific 
dynamic action on metabolism (qv ) The fuel can, indeed, be moie 
adequately supplied by carbohydiates and fats, which may be 
looked upon, theiefoie, as protem-sparers, and, if these are given, 
piotem equihbuum is possible m man and is moie readily produced 
m carnivoia than m their absence Carbohydrates are better protem- 
sparers than fats, smce they are more readily oxidised They will 
therefore reduce tissue wastage m starvation It is suggested that 
the protem-sparers make it possible for the products of tissue break- 
down to be used over agam, and the importance of carbohydrate m 
the diet during repair is emphasised 

The Irreducible Protein Minimum — When we take m protein 
we do so essentially to replace tissue wastage, and there is, therefore, 
a certam irreducible piotem mmimum below which the protein 
intake cannot be reduced without affecting the nitrogenous equi- 
libnum It has been found that ceitam sources of piotem, eg 
meat and milk, have a much greater value than others, as is shown 
by the fact that less of them is required to maintain nitrogenous 
equihbuum than of vegetable proteins These substances are said, 
therefore, to have the highest biological value , and it will be noticed 
that they are of animal origm 
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CHAPTER XXXV 


THE LIVER 

The Liver, the largest gland m the body, is an extiemely vascular 
organ, and receives its supply of blood fioni two souices, viz, 
from the portal mm and fiom the hepatic ctitciy , while the blood 
is returned from it into the inferior vena cava by the hepatic mins 



Fig 202 —The under surface of the liver g b., Gall bladder , h d , common bile duct , h a , hepatic 
artery v p portal vein , l q , lobulus quadratus , l s , lobulus Spigelli [caudatus] , l c , 
lobulus [processus] caudatus , d v , ductus venosus , u v , umbilical vein (Noble Smith ) 

Its secretion, the Me, is conveyed from it by the hepatic dud, either 
directly into the intestine, or, when digestion is not going on, into 
the cystic duct, and thence into the gall-bladder, where it accumulates 
until required 

The liver is in origin a tubular gland, but as development pro- 
gresses it soon loses all resemblance to the tubular glands found 
elsewhere It is made up of small roundish or oval portions called 
lobules, each of which is about of an inch (rather less than 1 mm ) 
in diameter, and composed of the liver cells, between which the 
blood-vessels and bile-vessels ramify The hepatic cells which form 
the glandular or secreting part of the kver, are of a spheroidal 
form, but are rendeied polygonal from mutual pressure Each 

5S1 
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possesses a nucleus, sometimes two The cell protoplasm contains 
numerous fatty particles, as well as a variable amount of glycogen 
The portal vein (PV), hepatic artery (HA), and hepatic duct 
,(BD) run m company (fig 203) Sunning together through the 
'substance of the liver, they are contained in small channels called 
■ portal canals , then immediate investment being a sheath of areolai 
tissue continuous with Glisson’s capsule which coats the liver 



(M'Dowall, modified from Burton Opitz.) 


In its course through the liver the portal vein gives off small 
branches which divide and subdivide letween the lobules surrounding 
them and limiting them, and from this circumstance called inter- 
lobular vems Prom these vessels a dense capillary network is 
prolonged into the substance of the lobule, and this network con- 
verges to a smgle small vein, occupying the centre of the lobule 
(CV m fig 203), and hence called mtra - lobular 

The mil a - lobular vems discharge their contents into veins called 
swZ>-lobular , these, by their union, form the mam branches of the 
hepatic vems, which leave the posterior border of the liver to end 
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by two or three principal trunks in the inferior vena cava, just 
before its passage through the diaphiagm 

The so-called capillaries of the liver are really sinusoids (see p 
203), they are in direct contact with the liver-cells, and are not 
suirounded with lymph spaces as m other secreting glands, their 
endothelial covermg is m many places incomplete, and its cells are 
irregularly branched and more or less isolated from their neighbours 
They are called the stellate cells of Kupffm The result is that the 
blood comes mto direct contact with the liver-cells 

The hepatic artery, the chief function of which is to distribute 
blood for nutrition to G-lisson’s capsule, the walls of the ducts and 
blood-vessels, and other parts of the liver, is distributed m a very 
similar manner to the portal vem, its blood being leturned by small 
branches which pass mto the capillary plexus of the lobules which 
connects the 'inter - and mtra - lobular veins 

The bile duct divides and subdivides m a manner like the poital 
vem, the larger branches bemg lined by columnar , and the smaller 
by small polygonal epithelium 

The bile capillaries commence between the hepatic cells, they 
are always bounded by hepatic cells on all sides, and are thus 
separated from the nearest blood-vessel by at least the breadth of 
one cell The bile capillary corresponds to the lumen of a test-tube 
composed of cells, vessels bemg on the outside 

The m^r-cellular network of bile capillaries may be shown 
(Chrzonszezewsky) by injecting mtravenously a saturated aqueous 
solution of sulph-mdigotate of soda The animals are killed an hour 
and a half afterwards, and the blood-vessels, washed free from blood, 
are mjected with gelatm s tamed with carmine The bile-ducts are 
then seen filled with blue, and the blood-vessels with red material. 
If the animals are killed soonei than this, the mdigo pigment is found 
within the hepatic cells, thus showing that it is through their agency 
that the canals are filled 

Pfluger and Kupffer later discovered that the relation between 
the hepatic cells and the bile canaliculi is even more intimate, 
for they demonstrated the existence of vacuoles m the cells com- 
municating by minute ^?^£ra-cellular channels with the adjoining bile 
canaliculi (fig 204) 

Intra - cellular canaliculi m the liver-cells are not unique Eecent 
research by Golgi’s method has shown that m the salivary and 
gastric glands, and m the pancreas, there is a similar condition 

Schafer has further demonstrated that the hvei -cells contain not 
only the mtracellular bile canaliculi, but also intracellular blood canah- 
culi passmg mto the cells from the capillaries (smusoids) between them 
These are too minute to admit blood-corpuscles The liver-cells take 
certain materials from the plasma and elaborate the constituents of the 
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bile, the bile-salts, and the bile pigments These substances are m 
part formed by the hepatic cells, and m part are modified by the liver 
after having been manufactured elsewhere, eg bile pigments (see 
Blood) TVe thus see that m the liver, lymph does not act as an 
intermediary as it does in the formation of other secretions 

The functions of the livei have of lecent years been greatly 
elucidated by the work of Mann and Magath, who have successfully 
removed the oigan m dogs by fiist causing to be established a 
collateial cnculation through the azygos and internal mammary 
veins Since the lelation of the livei to metabolism is dealt with 



Fig 201. — Sketches illustrating the mode of commencement of the bile canaliculi within the liver 
cells (Heidenham, after Kupffer) A, rabbits liver, injected from hepatic duct with Berlin blue 
The infer cellular canaliculi give off minute twigs which penetrate into the liver cells, and there 
terminate m •vacuole like enlargements B, frogs liver injected during life with sulph indigotate 
of soda A similar appearance is obtained, bun the twfra-cellular canaliculi are ramified 


under Intermediate Metabolism, the mam facts, together with the 
effects of extirpation, need only be summaiised 

The Functions of the Liver — The liver, as we have seen, plays 
an important part m the mtermediate metabolism of carbohydiate, 
fat, and protein 

Carbohydrate Metabolism — The storage of glycogen and mobilisa- 
tion of glucose (pp 50 5 etseq ) The conversion of fructose and galactose 
into glucose In starvation the formation of glucose fiorn protein 
Eemoval of the liver causes a marked hypoglycemia, producing 
general loss of all functions, and death ensues m two hours If, 
however, glucose is administered the animal makes a remarkable 
recovery and survives for twenty-four houis These lesults occui 
even after the glycogen of the liver has been removed by previous 
starvation, thus showing that it has been m such circumstances 
concerned m the formation of glucose probably from protem 

Fat Metabolism — The desaturation of fats pnoi to oxidation 
(P 514) 
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Piotem Metabolism — Deaminisation of amino-acids, formation 
of urea and uiic acid (see Metabolism of Piotem and Fucleo- 
protein) 

Bile Formation — Removal of livei, like obsti notion to its ducts, 
causes the accumulation of bile pigment m the blood as the pigment 
which is the pioduct of the bieakdown of led blood-corpuscles’ is no 
longei excreted (see Fate of Red Blood-Corpuscles) 

The liver plays an impoitant pait in dealing with poisonous 
substances, eg diugs, absorbed from the alimentary canal These 
it combines as glycuiomc acid and other substances to form harmless 
compounds This is called the detoxicating function of the liver 


Bile 

Bile is the secretion of the hvei which is poured into the 
duodenum it has been collected m living animals and occasionally 
m man by means of a biliary fistula , and also m man by use of 
the duodenal tube which is passed down the oesophagus After 
death the gall-bladder yields a good supply of bile which is more 
concentrated than that obtained from a fistula 

Bile is being continuously poured into the intestine, but there is 
an increased discharge soon after the arrival of food m the duodenum. 

The constituents of the bile are the bile salts proper (tauro- 
cholate and glycocholate of sodium), the bile pigments (bihrubm, 
bihverdin), a mucmoid substance, small quantities of fats, soaps, 
cholesterol, lecithin, urea, and mmeral salts, of which sodium 
chloride and phosphates of calcium, magnesium, and iron are the 
most important 

Bile is a yellowish, reddish-brown, or gieen fluid, according to 
the relative preponderance of its two chief pigments It has a 
musk-hke odour, a bitter-sweet taste, and an alkaline reaction 


Constituents 

Fistula bile 
("healthy woman 
Copeman and 
Wmston) 

Fistula bile (case 
of cancer Yeo 
and Herroun) 

Normal bile 
(Frenchs) 

Sodium glycocholate 
Sodium taurocholate 
Cholesterol, lecithin, fat 
Mucmoid material 

Pigment 

Inorganic salts 

| 0 6280 | 

0 0990 

0 1725 

0 0725 

0 4510 

0 165 

0 055 i 

0 038 

| 0 148 

0 878 

| 9 14 

1 18 

2 98 

0 78 

Total solids 

Water (by difference) 

1 4230 

98 5770 

1 284 

98 716 

14 08 

85 92 
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The specific giavity of human bile fiom the gall-bladder is 1026 
to 1032 , that from a fistula, 1010 to 1011 The greater concentra- 
tion of gall-bladder bile is paitly due to absorption of water and 
partly to the addition of mucus from the walL 

The amount of sohds in gall-bladder bile is from 9 to 14 per 
cent, m fistula bile from 1 5 to 3 per cent The table on page 535 
shows that this low peicentage of sohds is almost entirely due 
to want of bile salts This can be accounted for in the way first 
suggested by Schiff— that there is normally a bile circulation going 
on m the body, a large quantity of the bile salts that pass into the 
intestine being first split up, then reabsorbed and again secreted 
Such a cnculation would obviously be impossible in cases where 
all the bile is discharged to the exterior through a fistula 

The Bile Salts — The human bile contains the sodium salts of 
complex ammo-acids called the bile acids The one, glycochohc and 
(C 26 H 43 H0 6 ), is denved from the ammo-acid glycme and cholalic 
acid, whose ongm is uncertain (it is thought to be denved from 
cholesterol oi to have a similar origin) , the other, tcmrochohc and 
(C^H^NOjS), is denved from cholahc acid and tauime, a sulphur- 
containmg amm o-acid formed from cystme The bile acids are 
hydrolysed by dilute acids and alkalis into their components The 
constitution of the bile of different animals varies considerably 
High protem diet oi administration of cholahc acid increases the 
excretion of bile salts, while fasting oi the ingestion of sugar 
lowers it 

The colour reaction called Pettenkofer’s reaction is due to the 
presence of cholahc acid Small quantities of sucrose and strong 
sulphunc acid aie added to the bile The sulphuric acid acting on 
sugar forms a small quantity of a substance called furfur aldehyde, m 
addition to other products The furfuraldehyde gives a brilliant 
purple colour with cholahc acid 

The Bile Pigments — These are iron-free derivatives of haemo- 
globin, the body retains the iron for other uses The two chief 
bile pigments are bilirubin and bihveidm Bile which contains 
chiefly the foimer (such as dog's bile) is of a golden or orange- 
yellow colour, while the bile of many herbivora, which contains 
chiefly biliverdin, is either green or bluish-green 

Bilirubin has the formula C 33 H 36 ]Sr 4 0 6 it is thus an iron-free 
derivative of haemoglobin The iron is apparently stored up m the 
liver-cells, perhaps for future use in the manufacture of new haemo- 
globin Bile contams only a trace of iron , bilirubin is isomeric with 
haematoporphyrm 

Biliverdin (C^HggN^Og)* may occur as such m bile, it may 
be formed by simply exposmg red bile to the oxidising action of 
the atmosphere, or it may be formed as m Gmelin’s test (see 
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Urme) by the moie vigorous oxidation produced by fuming mtiie 
acid 

Hydrobilirubm (C^H^O,) — -If a solution of bilnubm 01 
biliverdin m dilute alkali is treated with sodium amalgam or 
allowed to putrefy, a brownish pigment, which is a i eduction 
product, is formed called hydrobilirubin It shows a dark absoiption 
band between b and F, and a famter band m the legion of the D line 
This substance is interesting because a similar substance is foimed 
from the bile pigment by reduction processes m the intestine, and 
constitutes stercobihn, the pigment of the fseces Some of this is 
absorbed and ultimately leaves the body m the urme as one of its 
pigments called ui obihn A small quantity of urobilin is somet im es 
found preformed m the bile 

The Origin of Bile Pigment —We have seen (p 534) that the 
bile pigments aie formed from pigments of bioken-down led blood- 
corpuscles, by the retieulo-endothelial system The bilnubm is 
modified by the liver, as is indicated by the Van den Bergh reaction 
The test solutions aie — 


(A) Sulphamlic Acid 
HC1 (cone) 
Distilled Water 

(B) Sodium Nitrite 


1 gram 
15 c c 
1000 c c 

0 5 per cent solution 


Immediately before use A and B are mixed in the proportion of 
100 to 3 respectively 

If added to bile the direct reaction (bluish violet) is obtained, 
but if to normal blood serum no colour appears until 96 per cent 
alcohol has been added, % e the indirect reaction (violet red) The 
modification, which is obscure, is due to the hvei, but the reaction 
has been of great value in detecting and estimating the presence 
and amount of modified and unmodified bile pigment m the blood 
In simple obstruction of the bile passages the pigment which has 
been modified passes back into the blood-stieam the serum of which 
then gives the direct reaction The presence of an excessive amount 
of bile pigment m the blood causes the mucous membranes, the white of 
the eye, and the skm to appear yellow This is known as Jaundice 

Cholesterol. — Small quantities of this substance are found in 
noimal bile It may occur in excess, and form the concretions 
known as gall-stones, which are usually tinged with bilirubin Its 
properties and reactions have been already described 

The Secretion of Bile — The bile is secreted at a much lower 
piessure than are the secretions of the salivary glands, but this is 
to be expected from the fact that m the latter case the pressure of 
the blood m the mam vessel supplying the gland is arterial and not 
venous Like other secretions, however, it is produced at a pressure 
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higher than the blood supply Accoidmg to Hemng and Simpson, 
the bile piessuie (30 mm Hg) is three times that of the blood m the 
portal vein 

The nervous mechanism is unknown, but it appeals that bile is 
secreted undei the influence of the action of secretin, which thus 
stimulates the livei as well as the pancreas, and thiough the action 
of the bile salts themselves leabsoibed from the intestine 

Sehiff was the first to demonstrate this circulation of the bile, 
which lelates chiefly, if not entnely, to the bile salts, by causing 
bile to be fed to animals 01 led back to the duodenum fiom a 
fistula, the percentage of sohds in the bile excreted is at once raised 
The Bile-Expelling Mechanism — Bile is secreted particulaily 
during the digestion of food, but when the stomach is empty it 
accumulates m the gall-bladdei This it does m vntue of the 
pressure at which it is secreted and because the sphincter of Oddi, 
at the opening of the common bile-duct into the duodenum, is closed 
while the gall-bladder is relaxed When food passes through the 
pylorus the peristaltic waves pass over the duodenum, the sphincter 
of Oddi at the opening of the bile duct relaxes, and the gall-bladder 
and large ducts contract, driving out the accumulated bile In cases 
of obstruction of the bile-duct by a gall-stone, excessive action of the 
plain muscle of these parts attempting to drive down the stone causes 
the mtense pam of bihary cohc 

Most purgatives, e g calomel and magnesium sulphate, stimulate 
the bile-expelhng mechanism and consequently the faeces becomes 
dark from the piesence of bile pigment less altered than steicobilin 
When it is desned to obtain samples of bile through the duodenal 
tube, a meal of cream and egg yolk is given to cause the gall-bladder 
to contract 

The patency of bile passages may be studied by means of X-iays 
A dye, sodium tetriodophenolphthalem, opaque to X-iays, is 
eliminated in the bile after intravenous injection, and its excretion 
may be hastened by giving the patient a quantity of cream and 
egg yolk The X-ray shadow of the gall-bladder becomes more and 
more dense for some time after the period of maximum excretion of 
the dye, because of concentration of the opaque dye m the stored 
bile Moreover, there is evidence that the gall-bladder absorbs some 
of the hpides of bile , this organ may therefore be of importance m 
regulating the amount of cholesterol leaving the body ma the bile 
The Functions of Bile — -Bile is doubtless, to a certain extent, 
an excretion Its principal action is as a coadjutor to the pancreatic 
juice (especially m the digestion of fat) In some animals it has a 
feeble diastatic power 

Bile is said to be a natural antiseptic, lessening the putrefactive 
processes m the intestine This is very doubtful Though the bile 
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salts are weak antiseptics, the bile itself is leadily pntreseible, and 
the power it has of diminishing putrescence in the intestine is due 
chiefly to the fact that by increasing absoiption it lessens the amount 
of putrescible matter in the bowel 

When the bile meets the chyme the tuibidity of the latter is 
increased owing to the precipitation of unpeptomsed piotein This 
is an action due to the bile salts, and it has been surmised that 
this conversion of the chyme into a more viscid mass serves to 
hinder its progress through the intestines , it ckngs to the intestinal 
wall, thus allowing absorption to take place Bile stimulates 
peristalsis m the large intestine 

Bile is alkaline, it therefore assists the pancreatic juice m 
neutralising the chyme that leaves the stomach It assists the 
absorption of fats It is also a solvent of fatty acids and eholesteiol 
The latter may be piecipitated fiom solution by the products of 
bactenal growth and this gives rise to the foimation of gall-stones 
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THE URINARY APPARATUS 

The urinal y appaiatus consists of the kidneys, from each of which 
a tube called the meter leads to the bladder, where the unne is 
temporarily stored , from the bladdei 
a duct called the urethra leads to the 
exterior 

The Kidneys aie situated in the 
lumbar region of the abdomen on 
either side of the vertebral column 
behind the peritoneum In man 
each is about 4 inches long, and 
weighs about 4J oz 

Structure — The kidney is covered 
by a fibrous capsule, which is slightly 
attached at its inner surface to the 
proper substance of the organ by 
means of very fine bundles of areolar 
tissue and minute blood-vessels 
On dividing the kidney into two 
equal parts by a section earned 
through its long convex border, it IS Uirongh the pelvis and substance of the 
seen to be composed of two portions, Sla^MfiAdpart 

called cortical (external) and medul - of Malpighi , c, c, the divisions of the 

, , . , ,, y -a pelvis named calyces, laid open , <f, one 

lary (internal) , the fattens composed of those itmopened, d, summit of the 

of about a dozen comeal bundles of ^Toi Vi 

urinary tubules, each bundle forming gSwSSto on&tS $££ 

what IS called a pyramid The upper the kidney , u, the ureter , s, the sinus , 
part of the ureter is dilated into the w ' UUUo 
pelvis, and this, again, after separating into two or three principal 
divisions, is finally subdivided mto still smaller portions, varying m 
number from about 8 to 12, called calyces Each of these little 
calyces or cups receives the pomted extremity or papilla of a pyramid 
The kidney is a compound tubular gland, and both its cortical 
and medullary portions are composed of tubes, the tubuh umnyferi, 
bound together by connective tissue 
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In the pyramids the tubes are stiaxght — uniting to foim larger 
tubes as they descend from the coitical portions — while m the 
latter region they are convoluted But m the boundary zone 
between cortex and medulla, small collections of straight tubes 
called medullary lays project mto the cortical region 

Each begms in the cortex as a dilatation, called the capsule of 
Bowman * , this encloses a tuft or glomerulus of capillaries, called a 
Malpighian corpuscle The tubule leaves the capsule by a neck , and 
then becomes convoluted (fi'jst convoluted tubule ), but soon after 
becomes nearly straight or slightly spiral (spiral tubule) , then rapidly 
narrowing, it passes down into the medulla as the descending tubule of 
Henle, this turns lound, forming a loop (loop of Henle ), and passes 
up to the coitex again as the ascending tubule of Henle It then 
becomes larger and irregularly zigzag (zigzag tubule) and agam 
convoluted (second convoluted tubule) Eventually it narrows mto a 
junctional tubule , which joins a straight or collecting tubule This 
passes straight through the medulla, wheie it joins with others to 
form one of the ducts of Bellini that open at the apex of the pyramid 
These parts are all shown in fig 206 

In the capsule, the epithelium is flattened and reflected over the 
glomerulus 

In the neck the epithelium is still flattened, but m some animals, 
such as frogs, where the neck is longer, the epithelium is ciliated 
In the first convoluted and spiral tubules, it is thick, and the cells 
show a fibrillated structure, except around the nucleus, where the 
protoplasm *s granular The cells interlock laterally and aie difficult 
to isolate In the narrow descending tubule of Henle and m the 
loop itself, the cells are clear and flattened and have a considerable 
lumen , m the ascending limb they agam become striated and nearly 
fill the tubule In the zigzag and second convoluted tubules the 
fibrillations become even more marked The junctional tubule has a 
large lumen, and is lined by clear flattened cells , the collecting tubules 
and ducts of Bellini are lined by clear cubical or columnar cells 

The extent of the zone of clear cells m the loop of Henle varies 
a good deal m different animals, a diminution of this part of the 
tubule lessens the length of the total loop, m most animals there 
is an admixture of long and short loops, but the proportion of the 
two varies greatly in different parts of the animal kmgdom 

Blood-vessels of Kidney — The renal artery enters the kidney 
at the hilus, and divides mto branches that pass towards the cortex, 
then turn over and form incomplete arches m the region between 
cortex and medulla Eiom these arches vessels pass to the surface 
which are called the interlobular arteries , they give off vessels at 

* In his original paper Bowman says that this capsule was first described by 
Muller who did not then recognise its exact connections with the tubules 
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lio'ht angles vlnch aie the afferent vessels of tho glomei uh , a 
glomerulus is made up of capillaries, as pieviously stated From 
each a smaller vessel (the efferent lessel of the glomei ulus) passes out, 



Fig 208 Diagram to indicate the general arrangement of the kidney nC, Malpighian corpuscle, 

lc Lt co^voTuted tubule, 2c, teeond convoluted tubule, DL and AL, descending and ascending 
1 mbs of the loop of Henle , CT,’ collecting tubules , DB, duct, of Bellini 


and like a portal vessel on a small scale, breaks up once more into 
capillaries which ramify between the convoluted tubules Eeeent 
work suggests that the arteries unite to form veins (intei lobular 
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veins) which accompany the interlobular arteries, they pass to 
venous arches, parallel to, but more complete than, the conesponding 
arterial aiches, they ultimately unite to form the renal vein that 
leaves the hilus These veins receive also others which have a 
stellate arrangement near the capsule (vence stellulce) 

The medulla is supplied with pencils of fine straight arterioles 
which arise from the aitenal arches They are called artence rectce 
The efferent vessels of the glomeruli nearest the medulla may also 
break up into similar* vessels which are called false artence rectce 
The vems ( vence uctce ) take a similar course and empty themselves 
into the venous arches In the boundary zone groups of rasa 
recta alternate with groups of tubules, and give it a striated 
appearance 

The Ureters — The duct of each kidney, 01 ureter , is a tube about 
the size of a goose-quill, and from twelve to sixteen inches in length, 
which, continuous above with the pelvis, ends below by perforating 
obliquely the walls of the bladder, and opening on its internal surface 

It is constructed of three coats (a) an outer fibrous coat , (b) a 
middle muscular coat , and (c) a mucous membrane continuous with 
that of the pelvis above, and of the urinary bladder below , it is 
composed of areolar tissue lined by transitional epithelium 

The Urinary Bladder is pyriform, its widest part, which is 
situate above and behind, is termed the fundus , and the narrow 
constricted portion, by which it becomes continuous with the urethra, 
is called its ceo mx or neck 

It is constructed of four coats — serous, muscula ?, areolar, or 
submucous, and mucous The circular muscle-fibres are especially 
developed around the neck of the organ and form the sphincter 
vesicce The mucous membrane is like that of the ureters It is 
provided with mucous glands, which are most numerous near the 
neck of the bladder 

The bladder is well provided with blood - and lymph-vessels, and 
with nmves The latter consist of branches from the sacral and 
hypogastric plexuses Ganglion cells are found, here and there, on 
the course of the nerve-fibres 

The Urethra — This occupies the centre of the corpus spongiosum 
m the male As it passes through the prostate it is lined by transi- 
tional, but elsewhere by columnar epithelium, except near the orifice, 
wher#the epithelium is stratified like the epidermis, with which it 
becomes continuous The female urethra has stratified epithelium 
m its lower half and transitional above The epithelium rests on a 
vascular conum, and this is covered by submucous tissue containing 
an inner longitudinal and an outer circular muscular layer Outside 
this a plexus of vems passes insensibly into the surrounding erectile 
tissue 
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Into the urethra open a number of oblique lecesses or lacuna % a 
numbei of small mucous glands (glands of Littre), two compound 
racemose glands (Cowper’s glands), the glands of the prostate, and 
the vas or ductus deferens The p?ostate , which surrounds the 
commencement of the male urethia, is a muscular and glandular mass 
Its glands are tubular and lined by columnar epithelium, their 
secretion dilutes the semen Very little is known of the function of 
the prostate, it often enlarges and becomes calcareous m old age, 
and gives rise to diseomfoit and difficulty in micturition. Its 
removal in these circumstances may be a most beneficial operation 


The Function of the Kidney 

The function of the kidneys is to separate the urinary con- 
stituents from the blood, and by this means the blood is maintained 
of constant composition The kidney cells are remarkably sensitive, 
so that alterations m the composition of the blood which are too 
slight to be detected by chemical analysis (such as an mciease of 
water or of chlorides after a meal) are felt by the kidney, and 
increased secretion (diuresis) or change m chemical composition 
occurs Some urmary constituents are practically entirely removed 
by the kidney, urea is an example of this class In other cases 
excess beyond a certain percentage is removed from the blood, 
sodium chloride is an instance of these The co-operation of the 
kidneys with the lungs m the maintenance of the normal blood- 
reaction is considered latex 

Although the glandular epithelium of the convoluted tubules is 
par excellence the secreting mechanism of the kidney, much difference 
of opmion exists about the part played by each of the several units in 
the histological complex we have descubed, and this is especially 
the case in relation to that unique structure, the glomerulus 
We have seen that the efferent vessel of each glomerulus has a 
smaller calibre than the afferent vessel, and this produces high 
pressure m the glomerulai capillanes The efferent vessel, more- 
over, resembles an aitenole m its abundance of muscular tissue, and 
this maintains the high mtia-glomerular blood-pressure This 
arrangement led Ludwig to the conception that the glomerulus is a 
filter, and the filter theory has formed the basis of much subsequent 
work, and of numerous theones 

It is impossible m a question upon which physiologists are so 
divided, to make a complete statement of the case which will meet 
with universal acceptance, and befoie we attempt to consider the 
function of this or that type of cell in the kidney, let us see what 
can be laid down m relation to the physiology of the kidney as a 
whole 
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determined, we can arrive at the amount of energy used up by a 
knowledge of the heat produced by the decomposition of this amount 
of kidney material 

The practical impoitance of these considerations to the physician 
lies in the fact that the expenditure of energy involves combustion, 
and combustion demands oxygen For this reason, if for no other, 
an efficient supply of oxygen, that is, an efficient circulation of blood, 
is essential to a healthy kidney Eenal inefficiency may be secondary 
to cardiac disease which will therefore require primal y attention. 
Again, the physician may endeavour, with a certain measure of 
success, to decrease the work which falls upon the kidney, by trans- 
ferring the excretory function as far as possible to the skin This 
may be accomplished by stimulating the skin to action by hot-air 
baths, or even more successfully by sending the patient to a hot, 
dry climate 

Having m this way eonsideied the kidney as a whole, we must 
next consider the function of the different types of cell found in the 
kidney tubule, including the capsule of Bowman m that expression 

A complete exposition would involve foi each type of cell a 
statement of (1) winch urinary constituent traverses its protoplasm , 
(2) the mechanism, whether secretory or physical diffusion oi 
filtration, by which the constituent is propelled , and (3) the direction 
m which it goes, whether from the blood to the urme, or from the 
urine to the blood. 

Fortunately, however, it is not necessary to discuss the matter quite 
so exhaustively, for certain possibilities have never been advanced, 
and so can be put on one side For instance, no one has ever 
suggested that the thick glandular cells of the tubules allow materials 
to pass through them by physical diffusion, here undoubtedly, we 
have to deal with cellulai activity Again, the direction of flow 
through the capsule of Bowman is undoubtedly from the blood to 
the urme, and the passage of water m the opposite direction, if it 
does occur at all, is limi ted to certain regions of the tubule itself 

Our problem, therefore, is simplified, and the questions remaining 
are (1) whether the flow in the glomeruli is due to physical or to 
physiological (secretory) processes, (2) what evidence exists of 
secretory action m the tubules, and (3) whether reabsorption of 
fluid occurs m the tubules 

The Function of the Glomeruli 

In relation to the first of these points we may ask the prel i minary 
question, Is there any evidence of physical diffusion or filtration 
in the kidney 7 or, to put it another way, is there any evidence of a 
urmary flow without the performance of work on the part of the 
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kidney cells 2 It will be understood that filtiation could not alter 
the composition of the fluid as regaids its salts 

The answer to this question is m the affiimative, since the 
appiopnate injection into the circulation of Rmger’s fluid causes a 
copious flow of urine which is in its composition vntually Ringer’s 
fluid On physico-chemical giounds such a flow would not 
necessaiily demand woik on the part of the kidney cells, and as a 
matter of fact, estimation of the oxygen used during such excretion 
reveals no measurable rise m the amount of woik performed 

The impoitance of changes m the cnculation is still further 
accentuated by the fact that the arterial pressure appears to exercise 
a direct effect upon the volume of urine secreted by the kidney In 
a general sense, those foims of experimental procedure which increase 
the volume of the kidney, as measured by the oncometer, increase 
also the flow of urine The oncometer is a plethysmogiaph adapted 
to the shape of the kidney Such changes are illustrated in the 
following table — 


Procedure 

General blood 
pressure 

Renal -vessels 

Kidney volume 

Urinary flow 

Division of spinal cord m 
neck 

Falls to 

40 mm 

Relaxed 

Shrinks 

Ceases 

Stimulation of cord 

Rises 

Constricted 

Shrinks 

Diminished 

Stimulation of cord after 
section of renal nerves 

Rises 

Passively- 

dilated 

Swells 

Increased 

Stimulation of renal 

nerves 

Unaffected 

Constricted 

Shrinks 

Diminished 

Stimulation of splanchnic 
nerve 

Rises 

Constricted 

Shrinks 

Diminished 

Injection of normal saline 

Rises 

Dilated 

Swells 

Increased 

Haemorrhage 

Falls 

Constricted 

Shrinks 

Diminished 


Although results with the oncometer are liable to be complicated 
by the peculiar vascular mechanism of the kidney and the presence 
of urine, we are justified m concluding that pronounced changes m 
the size of the kidney are of vascular origm, and they furnish the 
best index we have of the pressure of the blood in the capillaries 
They give no indication of the rate of blood-flow through the organ 
which is an altogether different thing 

The general relationship shown in the above table between 
the pressure of blood m the kidney capillaries and the volume 
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of urine secreted, points also to the possibility that undei noimal 
conditions filtration is a factor m urine formation The cells 
of Bowman’s capsule act like a semi-pei nieable membrane allowing 
normally only crystalloids to pass thiough The hltiation is countei- 
acted to some degree by the osmotic piessure of the blood which, if 
unduly high, causes the production of urine to cease, eg diuing 
severe sweating or diarrhoea 

The general appeal ance of the capsulai epithelium lesembles 
that lining a lymph space, and some morphologists hold the view 
that each capsule is in development part of the pentoneum, whilst 
others regard it as part of the kidney tubule It is possible 



Fig 207 —Oncometers for kidneys of different sizes 


that the glomeiulus has other functions besides that of a filter 
Biodie, for instance, suggested that its mam, if not its only 
use is that of a driving force to propel the secreted urine along 
the tubule, the resistance of which is very great, he invented 
models which demonstrated that pulsations of the kind alleged to 
occur m the glomeruli will drive fluid along a tube, he further 
supported this theory by the observation that the maximum 
pressure in the ureter as measured by a manometer is usually at 
least 30 to 44 mm of meicury less than the arterial blood-pressure, 
and is probably equal to the pressure in the glomerular capillaries 
But these views have not been fully accepted by the majority of 
physiologists 


Function of the Tubules 

Reabsorption — One of the great histone theories was that of 
Carl Ludwig, who, because of the difference in the pressure in the 
capillaries of the glomeiuli and the tubules, imagined that the urme 
filtered off at the glomerulus becomes more concentrated as it 



THE URINARY APPARATUS 


552 


[CH XXXVI 


descends the tubules and that the woik of the cells m the tubules 
is to leabsorb the watei and pass it back into the blood 

Many modem woikeis, particulaily Cushny, have supported this 
theoiy, with, howevei, the lrupoitant difference that the reabsorption 
process was held to be a vital and not a physical piocess Cushny 
pointed out m reply to an old criticism of Heidenhain, who drew 
attention to the amount of leabsorption requned, that even although 
such absorption involved 70 litres of water per day, the amount 
absorbed per 3 cm of tubule did not amount to 1 4 mg of water 
per houi Moie recently it has, however, been pointed out that 
since much of the water of the blood is adsoibed on piotein, much 
less may be filtered off and require to be leabsorbed than was 
previously imagined The most important evidence m favour of 
the reabsorption hypothesis is that of Eichards and Wearn, who 
succeeded m passing, under the microscope, a cannula into the capsule 
of Bowman m a frog’s kidney and m obtaining a sample of glomerular 
filtrate This fluid contained more sugar and water than is found in 
normal urine At the same time it is difficult to explain the following 
experiment of Brodie on the reabsorption hypothesis 

If the pressure of urine in the ureter is artificially raised by 
partially blocking it, absorption of water back into the blood ought 
to be increased , but, as a matter of fact, this does not take place, 
but the exact contrary, for the flow of urine invoked by the injection 
of sodium sulphate is more abundant from the kidney with the 
partially blocked ureter, than m the other kidney which serves as 
a control Cushny, however, pointed out that this diuresis may be 
due to a reflex vasodilatation in the kidney, and supported his view by 
the fact that on the side with the more abundant urine the chloride was 
higher, as would be expected if the chloride was normally reabsorbed 
Secretion. — The other classical view was that of Bowman, 
formulated long before many of the experiments were carried out 
It was founded mainly as a deduction from anatomical structure, 
namely, the histological appearance of the epithelial cells which hue 
the tubules, and the double vascular supply which m the frog 
indicates that the work of the tubule is distinct from that of the 
glomerulus He considered that the cells lining the capsule have 
much the same function as those lining a lymph space, and that 
it is the glandular epithelium of the tubules which secretes the 
mtrogenous constituents of the urine 

The following experiments, among others, support this view — 
(<x) In frogs the glomeruli can be cut out of action by ligaturing 
the renal arteries, the kidney is then supplied only by the renal 
portal vein, a vessel which goes to the tubules only If urea is 
then injected under the skm, a secretion of urine occurs, which, 
though scanty in amount, is peculiarly rich in urea Urea, therefore. 
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m the frog, is secieted by the epithehum of the tubules In ordei to 
obtain this result, the kidney must receive also sufficient oxygen for 
the maintenance of the functional activity of its cells . as the arterial 
supply is cut off by ligature of the renal arteries, this must be accom- 
plished in some other way, foi instance, by keeping the frog during 
the experiment m an atmosphere of puie oxygen 

(b) The same lesult is reached m the frog m another way The 
renal portal system of the frog’s kidney may be artificially perfused 
with oxygenated Binge r’s solution, the lenal arteries as before being 
ligatured, if ceitam diuietics aie added to the solution (caffeine, 
urea, phlondzm, sodium sulphate, etc ), these induce secretion which 
is accompanied by a marked mcrease in the oxygen consumption of 
the kidney 

(c) One of the more important recent obseivations is that of 
Starling and Yerney, that m a kidney perfused from a heart-lung 
pieparation, the proportion excreted, per unit of time, of urea (and 
sulphate) goes down while chlorides and water go up if the function 
of the tubules is impaired by cyanides which cut down oxidation 
processes m cells This decrease m the amount of uiea m unit tune 
cannot be explained except on the view that the tubules normally 
secrete urea and sulphate, similarly the mcrease m chlorides in 
unit time is only intelligible on the hypothesis that chlorides are 
normally reabsorbed 

(d) During the excretion of dyes, eg sulph-mdigotate of soda, 
the colour of the dye is seen mtensely m those cells of the tubules 
which bear the impress of secreting cells, whereas it may be absent 
from the cells of Bowman’s capsule (Heidenhain) 

Our own view is that although active secretion on the part of 
the glomerular cells has not been proved to exist, the possibility 
cannot be altogether demed, but our bias is definitely m favour of 
the physical or filtration hypothesis It further seems likely that 
some parts of the tubules may secrete, as suggested by Bowman, 
while some may reabsorb, as considered by Ludwig — with the differ- 
ence, however, that one must consider that the kidney mechanisms 
are vital and not mechanical as the older observers originally thought 
This view is supported by the fact that m disease it is found that 
the kidney may lose the power to concentrate certain of the blood 
constituents and not necessarily others 

Extirpation of the Kidneys 

JSxtwjoation of one kidney for tuberculosis, etc , is a common 
opeiatiom It is not followed by any untoward lesult The 
remaining kidney, if healthy, enlarges and does the woik previously 
shared between the two 

S 2 
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Uxtuyatwn of loth kidneys is fatal , the urea, etc , accumulate in 
the blood, and the animal dies m a few days , uraemic convulsions 
do not usually occur in such experiments 

Ligatuie of loth lenal ai tones amounts to the same thing 
as extirpation of the kidneys, and leads to the same result If the 
ligature is released the kidney after a time agam sets to work, but the 
urine secreted at first is albuminous, owing to the epithelium having 
been unpaired by bemg deprived for a time of its oxygen supply 

The Control of Kidney Secretion 

Unfortunately we have very little exact information on this subject, 
but on account of the nerve supply of the kidney we must assume that 
there may be considerable nervous control of urinary secretion 

The Nerves of the Kidney. — These are derived from the 
renal plexus of each side The renal plexus consists of both 
medullated and non-medullated nerve-fibres, with collections of 
ganglion cells Fibres from the anterior roots of the eleventh, 
twelfth, and thirteenth thoracic nerves (m the dog) pass mto 
this plexus They are both vasoconstrictor and vasodilator in 
function. The nerve-cells on the course of the constrictor fibres are 
situated in the coekac, mesenteric, and renal ganglia , the nerve-cells 
on the course of the dilator fibres are placed in the cceliac plexus and 
renal ganglia The vagus also sends branches to the renal plexus 
(Cunningham) We have, at present, no knowledge of true secretory 
nerves to the kidney, and the amount of urine is influenced, to a 
certain extent at any rate, by the blood-pressure in its capillaries 
The amount, however, of urme does not depend wholly on the height 
of the blood-pressure , and one very striking fact m this relation may 
be mentioned now, — namely, that if the blood-pressure is increased 
without allowing the blood to flow, the amount of urme formed is 
not increased, this can be done by ligaturmg the renal vein, the 
blood-pressure within the kidney then rises enormously, but the flow 
of urme stops 

The fact that the diuresis produced by the ingestion of a given 
amount of water is reduced by exercise (Pembiey), taken together 
with the fact that stimulation of the splanchnic nerve dimmishes 
the flow of urme, appears to radicate that under conditions of 
sympathetic stimulation generally the activities of the kidney, like 
those of the splanchnic area, are diminished Sensory stimulation 
and the application of cold to the skin* (Wertheimer and Delezenne) 
also reduce kidney secretion There must be reciprocal control of 
the excretions of fluid by the skin and by the kidney, but how far 

* This statement does not affect the fact that in cold weather more urme is 
secreted. 
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this depends on the concentration of the blood we do not know 
The concentration of the blood may be wholly responsible 

It is evident that the pituitary body is also concerned with 
kidney secretion, since the injection of an extiact of the posterior 
lobe of that organ causes a reduction of urinary flow m unansesthe- 
tised man and use is made of this inaction m the treatment of 
diabetes insipidus, a condition of polyuria without excess of sugai in 
the urina Stalling and Vemey have shown that apparently the 
pituitary controls the excretion of the chlorides and thus indirectly 
affects the elimination of water 


Kidney Efficiency 

The efficiency of the kidney may be judged conveniently by its 
power to concentrate urea (see p 564) It appears that this power 
runs parallel with its capability of excreting dyes such as indigo- 
carmine and phenolsulphonephthalein The dye is injected intra- 
venously and 70 per cent is normally excreted m two hours Since 
ansesthesia may cause slight renal impairment to become serious, it 
is often important to perform the test prior to an operation Such 
tests are also carried out when attempts are being made to determine 
how far kidney disease has progressed, and what the future of the 
patient may be 


Passage of TJnne into Bladder and Micturition 

As each portion of urme is secieted it propels that which is 
already m the uiiniferous tubes onwards mto the pelvis of the 
kidney Thence, through the ureter, the urme passes mto the bladder, 
mto which its rate and mode of entrance have been watched by 
means of the cystoscope, or m patients in whom the lower antenor 
abdominal wall and the anterior wall of the bladder is absent 
The urme does not enter the bladder at any regular rate, nor is there 
a synchronism m its movement through the two ureters Dui mg fast- 
ing, two or three drops enter the bladder every minute , each drop as 
it enters first raises up the little papilla through which the ureter 
opens, and then passes slowly through its orifice, which at once 
closes again like a sphincter Its flow is aided by the peristaltic 
contractions of the ureters, and is mci eased m deep inspiration, 
by straining, in active exeieise, and m the first fifteen oi twenty 
minutes after a meal The uime is prevented from regurgitation 
mto the meters by the mode in which these pass through the 
walls of the bladder, namely, by them lying between half and three- 
quarters of an inch between the muscular and mucous coats before 
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they turn rathei abruptly forward, and open through the latter into 
the interior of the bladder 

The desire to void the mine arises from a sense of fullness of 
the bladder, and the meiease of pressuie there is an important factor 
m the causation of the reflex In the dog's bladder a pressure of 
20 cms of water sets the leflex m action (Mosso) But other factors 
are concerned, foi the desire is often out of proportion to the dis- 
tension of the bladdei , of these factors the tonus (Sheri mgton’s 
“postural condition”) of the bladder, irritability of sensory neive- 
en dings and of nerve-centres, and the reaction and composition of 
mine may be mentioned 

The afferent impulse so produced finds its way to the sacral 
region of the cord chiefly through the second and third sacral nerves, 
and stimulates the so-called vesical centie, which is situated m the 
grey matter there , the reflex takes -place perfectly well in an animal 
whose spinal cord has been cut across as low as the lower pait of the 
lumbar region It has therefore been proved that the reflex centre 
must be situated below this point In such animals there is no 
consciousness of the afferent impulse, and the same is true for the 
human subject with corresponding injuries to the spinal cord 
Such animals or men have no voluntary control over the act, it 
oecurs m them purely reflexly 

The efferent nerves to the bladder fall into two sets — (1) The 
neivi m ig mites, these aie undoubtedly the more important of the 
two Stimulation of these neives causes contraction of the bladder, 
and relaxation of its sphincter, the two necessary acts by which the 
urine is expelled (2) The hypogasti ic neives , pre-ganglionic fibres 
leave the cord in the lumbar region, pass thence to the inferior 
mesenteric ganglion, from the cells of which the post-ganglionic 
fibres ultimately reach the bladder by the hypogastric nerves Much 
difference of opinion has been expressed regarding the action of 
these neives, but in most animals they cause constriction of the 
sphincter, and m some cases relaxation of the bladder walls also 
The hypogastnc nerves would therefore appear to be the functional 
antagonists of the nervi engentes In many animals the bladder 
constantly exhibits rhythmic contractions 

In theory, therefore, micturition is a reflex action, but m practice 
it is a voluntary act, and the voluntary muscles of the abdomen press 
upon the bladder and assist its emptying It is only in injury or 
disease of the spinal cord already alluded to that the voluntary factoi 
is absent 

The simplest view to take of voluntary micturition is the follow- 
ing — The will causes the abdominal muscles to contract, and the 
increased pressure on the bladder so produced is the signal foi the 
reflex to occur It is further probable that the mere thought of 



cb: xxxyi] 


MICTURITION 


557 


micturition may influence the sacral vesical centie, and heighten 
its sensitiveness, while the passage of a diop of urine mto the upper 
part of the urethia causes an intense desne to mictuiate 

If urine is voided too fiequentlv, the cause maybe (1) puiphend , 
as m inflammation of the bladder here the organ is unduly sensitn e 
to the pressure of fluid, 01 (2) cent? a!, as m cases of fear and 
excitement, here the sensibility of the vesical centie is heightened 
In children where control of the \esical centre is* often not fully 
established while they are young, fiequent and involuntary mictun- 
tion may occur 

Deficiency of powei to expel the mine may be due to actual 
obstruction, from an enlaiged prostate oi a stiictiue m the uiethra It 
may also be due to weakness of the bladdei, as in cases wheie the oigan 
is much distended and its musculature attenuated , tins condition is 
often secondary to obstruction produced by stucture, or other causes 
Paialysis of the nervous mechanism of the bladder may also lead 
to retention of urine 



558 


NOTES 


[CH XXXVI 



CH XXXVI ] 


NOTES 


559 



560 


NOTES 


[CH XXXVI 



CHAPTER XXXVII 


THE URINE 

Quantity — A man of aveiage weight and height produces from 
1400 to 1600 cc, or about 50 fluid oz daily The quantity, 
however, may vaiy enormously fiom day to day and from hour to 
hour according to the amount of fluid taken and to the amount of 
water excreted m other ways If sweating is increased the quantity 
of the urine is correspondingly reduced When metabolism is 
reduced to a minimum during sleep very little urme is secreted 
Colour — This is some shade of yellow which varies consider- 
ably with the concentration of the urine It is due to a mixture of 
pigments, of these the most abundant is a yellow one, originally 
named w ocfo ome by Thudichum 

Uiobihn — The bile pigment m the intestines is converted into 
steicobihn, most of which leaves the body with the faeces, some, 
however, is reabsorbed and is excreted into the urme, and is then 
called urobilin It is normally present m small quantities only 
A chromogen or mother-substance called urobilinogen, which by 
oxidation — for instance, standing exposed to the air — is converted into 
the pigment proper, is more abundant than urobilin itself In certain 
diseased conditions the amount of urobilin is considerably increased 
Uroerythnn, the colouring matter of pink urate sediments, 
appears to be a small but constant constituent of urme, but its 
origin is unknown Normal urme contains also a trace of hcemato - 
jporphy? m, and the amount is increased in certain diseased states 
Reaction — The reaction of normal urme is acid, this is due 
mainly to acid salts, of which acid sodium phosphate is the most 
impoitant The acidity of the urme is normally from pH 7 to 
pH 5 5 It is more acid on an acid-producmg diet such as meat, 
but the acidity increases after exercise and when abnormal acids 
are taken or are produced during metabolism as m diabetes Under 
certain conditions the urme becomes less acid and even alkaline , the 
most important of these are as follows — 

1 During digestion and m the forenoon Here there is a 
formation of fiee acid m the stomach, and a corresponding liberation 
of bases in the blood, which, passing mto the urme, diminish its 
acidity, or even render it alkaline This is called the alkaline tide 
661 
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Leathes eonsideis that lespiration is moie linpoitant than gastric 
secretion in the foienoon in producing the change During sleep respi- 
ration is comparatively inactive , hence caibon dioxide accumulates, 
and the lesulting use m H-ion concentration is leflected m the urine 
With the activity associated with daytime this effect passes off 

2 A diet of fruit and vegetables contains an excess of salts of 
organic acids, eg citric, tartaric, which are oxidised to carbonates 
and make the urine alkaline Whole ceieals, eg rice, like meat 
cause an acid urine Whenever the acidity of the urine changes 
there is usually a change m the ammoma-uiea ratio 

Specific Gravity — This vanes mversely as the quantity of urine 
passed under normal conditions fiom 1015 to 1025 A specific 
gravity below 1010 should excite suspicion of hydruna oi diabetes 
insipidus, one over 1030, of a febrile condition, or of diabetes 
mellitus, m which it may rise to 1050 The specific gravity has, 
however, been known to sink as low as 1002 (after large potations, 
uoma potus ), or fco rise as high, as 1035 (after great sweating and 
after sleep) m perfectly healthy persons 

Composition — The following table gives the average amounts of 
the urinary constituents passed by a man taking an ordinary diet 
containing about 100 grammes of protem in the twenty-four hours, 
but it must be realised that many of the constituents may vary 


appreciably from houi to hour — 




Grammes 


Grammes 

Total quantity of urme 

1500 00 

| Sulphuric acid 

2 0 

Water 

1440 00 

Ammonia 

0 65 

Solids 

60 00 

Creatinine 

0 9 

Urea 

85 00 

Chlorine 

11 0 

Unc acid 

0 75 

Potassium 

2 5 

Hippuric acid 

Sodium chlonde 

0 7 

16 5 

Sodium 

Calcium 

5 5 

0 26 

Phosphonc acid 

35 | 

Magnesium 

0 21 


The most abundant constituents of the urme are water, urea, and 
sodium chlonde In the foregoing table one must not be misled by 
seeing the names of the acids and metals separated The acids and 
bases are combined to foim salts, such as urates, chlorides, etc 

It is important to note that the constituents of urine, with the 
exception of hippuric acid, and possibly some of the ammonia, are 
not formed by the kidney but that the kidney merely excietes them 
from the blood. 

Urea. 

The origin of uiea from amino-acids has aheady been dealt with 
(p 519) The urea ansmg from the exogenous metabolism of protein 
is normally greater than that ansing from endogenous metabolism, 
and varies in quantity directly with the protein of the diet In a 
man in a state of nitrogenous equilibrium, taking daily 100 to 120 



CH XXXVII ] 


COMPOSITION OP UEINE 


563 


grammes of protein in his food, the quantity of urea secieted daily 
is about 33 to 35 grammes (500 giams) The peicentage m human 
urine would then be 2 per cent , but this, 'also vanes, because the 
concentration of the urine vanes considerably m health The 
excietion of urea is usually at a maximum three hours after a 
meal, especially aftei a meal rich m proteins In those who adopt 
a reduced protein diet, Bolm has shown that the decrease m unnai y 
nitrogen falls mainly on the urea fraction, and m some cases the urea 
excreted accounted for only 66 per cent of the total nitrogen The 
other mtiogenous katabolites of the urine alter comparatively httle 
under such conditions, and the creatinine in particular remains 
remarkably constant m amount 

The time-honoured structural foimula of urea as caibamide 


00<^5S 2 may requne to be replaced, accoiding to the work of 
XJNJl2 /NH 3 

Werner, by the cyclic formula H N C\ I le iso-carbamide, 

0 


for reasons alieady discussed m relation to the origin of urea Urea 
has the same empirical formula as am- 
monium cyanate (UH 4 )CN"0, from which 
it was first prepared synthetically by 
Wohler m 1828 Since then it has been 
prepared synthetically m other ways 
Wohler's observation derives interest 
from the fact that this was the first 
organic substance ever prepared syn- 
thetically by chemists* It is readily 
soluble both m water and alcohol it 
has a saltish taste, and is neutral to 
litmus paper. 



Fig 208 —Crystals of urea 


The form of its crystals is shown in fig 208 When treated with nitric acid, 
nitrate of urea (CON 2 H 4 HNO { ) is formed, this crystallises m octahedra, 
lozenge-shaped tablets, or hexagons When treated with oxalic acid, prismatic 
crystals of urea oxalate (CON 2 H 4 H^C^Ch 4- H. 2 0) are formed These crystals 
may be readily obtained by adding excess of the respective acids to urine which 
has been concentrated to a third or a quarter of its bulk 

Under the influence of a micro-organism, the mwiococcus urece, 
which grows leadily m stale urine, urea takes up watei, and is 
converted into ammonium carbonate [C0N* 2 H 4 +2H 2 0 = (UH 4 ) 2 C 03 ] 
Hence the ammomacal odour of putrid urine 

By means of nitrous acid, urea is broken up into carbonic acid, 

* Meldola has pointed out that the English chemist Henry Hennell prepared 
alcohol from olefiant gas simultaneously with Wohler’s synthesis of urea I he 
honour of founding the science of organic chemistry must, therefore, be shared 
between the two men 
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watei, and nitrogen, C0N 2 H 4 + 2HN0 2 = C0 2 +3H 2 0 + 2]Sr 2 The 
evolution of gas bubbles which takes place on the addition of fuming 
nitric acid * may be used as a test for uiea 

The mam leaction between sodium hypobiomite and urea may be 
represented thus — 

CON 2 H 4 + 3NaBrO = C0 2 + N 2 + 2H 2 0 + 3NaBi 

[Urea ] [Sodium [Carbon [Nitrogen ] [Water ] [Sodium 

lijpobromite ] dioxide ] bromide ] 

Side reactions of a complex nature also occur, and a small amount 
(less than 1 pei cent ) of carbon monoxide is mixed with the nitrogen 
But the reaction may be used as a lough-and-ieady method foi 
estimating uiea (see p 579) 

Uicemia — The older authors considered that urea was formed in the kidneys, 
lust as they also erroneously thought that carbonic acid was formed m the lungs 
Frevost and Dumas were the first to show that after complete extirpation of the 
kidneys the formation of urea goes on, and that it accumulates m the blood and 
tissues Similarly, m those cases of disease m which the kidneys cease work, urea 
is still formed and accumulates This condition is called urcemia , and unless the 
products of nitrogenous breakdown are discharged from the body the patient dies 
m a condition of coma preceded by convulsions 

This term was originally applied on the erroneous supposition that it is urea or 
some antecedent of urea which acts as the poison There is no doubt that the 
poison is not any constituent of normal urine , if the kidneys of an animal are 
extirpated, the animal dies m a few days, but there are no uraemic convulsions 
In man, also, if the kidneys are healthy, or approximately so, and suppression of 
unne occurs from the simultaneous blocking of Doth renal arteries by clot, or of both 
ureters by stones, again uraemia does not follow On the other hand, uraemia may 
occur even while a patient with diseased kidneys is passing a considerable amount 
of unne What the poison is that is responsible for the convulsions and coma is 
unknown It is doubtless some abnormal katabolic product, but whether this is 
produced by the kidney cells, or in some other part of the body, is also unknown 

Urea Concentration Test (Maclean and de Wesselow) — Prom 
a study of the table on p 548 it is evident that the kidney has the 
power of concentrating urea This power is the basis of a useful 
test of kidney efficiency Aftei the admmistiation of 15 gi amines 
of urea m 100 cc of water, specimens of mine are taken one 
and two hours afterwaids, the second specimen will contain above 
2 per cent urea if the kidneys are actmg normally The factor 
obtained by dividing the concentration of urea in the unne by that 
m the blood, is also 4 an indication of the urea-concentrating power 
of the kidney, but the test takes longer In severe kidney disease, 
the figure, instead of being 90, may be reduced to 10 

Kidney efficiency is also commonly judged by the powei of the 
organ to excrete dyes These tests give a moie accuiate indication 
of the kidney efficiency than the blood urea which does not accumu- 
late until almost three-quarters of the kidney have been destroyed 
by disease smce the slightest accumulation merely acts as a diuretic 
to the remaining health} parts 

* Fuming nitric acid contains nitrous acid m solution 
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Ammoma 

The ammonia of the urine anses from the ammo poition of 
deammised ammo-acids A small amount reaches the kidney direct 
from the tissues, but the majority appeals to be formed m the 
kidney from the breakdown of uiea In man the daily amount of 
ammonia excreted vanes between 0 3 and 12 grammes The 
ingestion of ammonium carbonate does not increase the amount of 
ammonia m the urine, but increases the amount of urea, into which 
substance the ammonium carbonate is easily converted But if a 
more stable salt, such as ammonium chloride, is given, it may 
appear as such m the urine Some of the ammonia may, however, 
be converted into urea, and the hydrochloric acid may bring about 
a marked acidosis (Haldane) 

The Ammonia-Urea Ratio — From what has been said of urea 
and its- relation to ammonia, it is to be expected that the more 
ammonia that is excreted m the urine, the less will be the uiea, and 
vice versa Since the body normally makes use of ammoma m the 
neutralisation of acids, the ammonia-urea ratio then is a convenient 
indication of the amount of acid which lias to be got rid of Normally, 
on a mixed diet the ratio is about 1 50 When the production of 
acid is excessive, as m diabetes, excess of ammonium salts appear m 
the urine It appears that for the purpose of such neutralisation the 
kidney has the power of breaking down urea* This is shown 
(Benedict) by the facts that if the kidneys are removed there is a 
reduction of the ammonia of the blood and that there is normally 
more ammonia m the renal vein than m the arterial blood A 
diminution m the output of ammonia occurs when there is an excess 
of alkali m the body This takes place when alkali is administered, 
or on a vegetable diet A decrease m the ammonium salts is 
accompanied by an increased alkalinity of the urme, since moie 
alkali or less acid phosphate is excreted 

It is of interest that if ammonium chloride is given to a 
heibivorous ammal such as a rabbit, the urinary ammonia is but 
little increased It reacts with sodium carbonate m the tissues, 
forming ammonium carbonate (which is excreted as urea) and sodium 
chloride Herbivora also suffer much moie from, and are more 
easily killed by, acids than carnivora, their orgamsation not 
permitting a ready supply of ammonia to neutralise excess of acids 

It is important to emphasise that all that has been said in regard 
to ammonia refers to urine freshly passed All urine, if allowed to 
stand, becomes ammomacal, as a lesult of the bieakdown of urea by 
the rmci ococcus mece 

* This view is supported by the fact that in the acidaemia due to kidney disease 
the ammonia-urea ratio does not change (M‘Lean) 
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Creatine and Creatinine 

Creatine is a constant constituent of muscle, its chemical 
structure is very like that of arginine, it contains a urea radical, 
and when boiled with baryta it splits into urea and sarcosme 
(methyl-glycine), as shown in the following equation — 

c 4 h 9 n 3 o 2 + h 2 o = con 2 h 4 + c 3 h 7 no 2 

[Creatine ] [Water ] [Urea ] [Sarcosine ] 

Creatine is absent from noimal urine, but it is present m the 
unne during starvation, in acute feveis, m women during involu- 
tion of the uterus, in the urine of infants, and in ceitam other 
conditions m which there is rapid loss of muscular material. 

Its normal fate in the body is unknown, it may be converted 
into urea as in the foregoing equation, but injection of creatine into 
the blood-stream does not cause any increase m urea formation , the 
creatine injected is almost wholly excreted unchanged but a proportion 
is stored in the muscles 

It is not converted mto creatinine to any great extent, but if 
a large quantity is mgested of the total amount appears in the 
urine The transformation of creatine into creatinine is shown in the 
following equation — 

c 4 h 9 n 3 o 2 - H 2 0 - c 4 eln 3 0 

[Creatine 1 [Water ] [Creatinine ] 

The role of creatine, phosphate, and phosphagen m the muscle 
contraction has already been discussed (See Chemistry of Muscle ) 

Creatmme is present m the urme Erom 0 8 to IS grammes 
are excreted m twenty-four horns, it is, in fact, next to urea, the 
most abundant nitrogenous substance found there Amid all the 
inconstancies of urinary composition, it appears to be the substance 
most ^constant in amount, diet and exercise having no effect on it 
Fohn’s view, that its amount is a criterion of the extent of 
endogenous nitrogenous metabolism, has steadily gained ground, and 
the work of the past few years has shown that the liver and not the 
muscles is the seat of its formation Some observers have supposed 
that certain tissue enzymes, termed creatase and creatinase, are agents 
in its formation and destruction , others have failed to discover the 
presence of these enzymes m the liver On this and on other points 
there are differences of opinion, but without discussing the pros and 
eons of minor details, the following view of Edward Mellanby may 
be taken as a working hypothesis of the metabolic history of the 
substances m question Mellanby took as his starting-point an 
investigation of the contradictory data relating to the proportion of 
creatine and creatmme in muscle, and by improved methods showed 
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that creatinine is never present m muscle at all, even after piolonged 
muscular work He then studied m the developing bird the amount 
of creatine at different stages, and found that it is entirely absent m 
the chick’s musculature up to the twelfth day of incubation , after 
this date the liver and the muscular creatine develop pan passu 
After hatching, the liver still continues to grow rapidly, and the 
creatine percentage in the muscles increases also, although the 
development m the size of the muscles occurs very slowly This 
and other experiments on the injection of creatine and creatinine 
into the blood-stream finally led Mellanby to the following hypo- 
thesis — Certain pioducts of protein katabolism, the nature of 
which is uncertain, are carried by the blood to the liver, and from 
these the liver forms creatinine, this is transported to the muscles 
and there stored as creatine, when the muscles are saturated 
with creatine, excess of creatinine is then excieted by the kidneys 
The small amount of cieatmme excreted in diseases of the liver 
also supports the view that that organ is responsible for creatinine 
formation 

This view explains some of our previous difficulties, but leaves 
unsolved the ultimate fate of the muscular creatine During musculai 
exercise the creatinine of the urme is increased but afterwards is 
equally diminished 

Blood Creatinine — Normally this is 1 to 2 mg per 100 cc 

but figuies over 3 mg are found m kidney disease High values, 
over 5 mg , indicate an early death m 
chronic inflammation of the kidney 

Uric Acid 

Uric Acid (CglST^Og) is, m 
mammals, the medium by which a very 
small quantity of nitrogen is excreted 
from the body It is, however, m 
birds and some lep tiles the principal 
nitrogenous constituent of their urine 
In an acid urme it may be precipi- 
tated, but m an alkaline urme it occurs 
as urates 

It may be obtained from human urme by 
adding 5 c c of hydrochloric acid to 100 c c 
of the urme, and allowing the mixture to stand for twelve to twenty-four hours 

The pure acid crystallises m colourless rectangular plates or prisms In 
striking contrast to urea it is almost an msoluble substance The rorm^ which 
uric acid assumes when precipitated from human urme, either by the addition 
of hydrochloric acid or m certain pathological processes, are very various, the 
most frequent being the whetstone shape , there are also bundles of crystals 
resembling sheaves, barrels, and dumb-bells (see fig 209) 

The murexide test is the principal test for uric acid The test has received 



Fig 209 —Various forms of uric acid 
crystals 
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the name on account of the resemblance of the colour to the purple of the ancients, 
which was obtained from certain snails of the genus Mm ex It is performed as 
follows place a little unc acid or a urate m a capsule , add a little dilute nitric 
acid and evaporate to dryness A yellowish-red residue is left Add a little 
ammonia carefully, and the residue turns violet , this is due to the formation of 
purpurate of ammonia On the addition of potash the colour becomes bluer 

Urates — Unc acid does not contain the caiboxyl gioup (COOH) 
which is typical of organic acids, and its reaction is neutral 
Neveitheless its hydrogen atoms are replaceable, and it acts there- 
fore as an acid, and foims bimates (MHU) In the presence of 
strong bases it forms neutral urates (M 2 U), which, however, only 
exist in the solid condition, or m the presence of strong alkali , by 
water they are decomposed at once into primary urate and alkali. 

In_the urine and in blood are biurates mixed with unc acid 
(MHU H 2 U) the so-called quadiruiates (Eoberts) In gout the 
urates of the blood are mcieased and may be conveited into less 
soluble isomenc foims which become deposited m the joints and 
other tissues 

The quantity of unc acid excieted by an adult vanes fiom 
0 5 to 075 gramme daily 

The origin of uric acid is dealt with under Hucleo-Piotem 
Metabolism The acid is foimed not m the kidneys, but as the 

lesult of metabolic piocesses occui- 
nng elsewheie, since if the kidneys 
are lemoved, unc acid continues to be 
formed and accumulates m the blood 
and oigans 

Hippunc Acid 

Hippunc Acid (C 9 H 9 N0 3 ), com- 
bined with bases to form hippurates, 
is present in small quantities m human 
uime, but m large quantities m the 
urine of heibivora This is due to 
the food of herbivora containing sub- 
stances belonging to the aromatic 
group — the benzoic acid series If 
benzoic acid is given to a man, it unites with glycine with the 
elimination of a molecule of water, and is excieted as hippunc acid 

CH 0 NH 0 CH 2 NH CO C fl H, 

C 6 H 5 COOH + I « I + H 2 0 

COOH COOH 

[Benzoic acid ] [Glycme ] [Hippunc acid ] [Water ] 

This is a well-marked instance of synthesis carried out in the 
animal body, and experimental investigation shows that it is accom- 



Fig 210 —Crystals of hippunc acid. 
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phshecl by the living cells of the kidney itself , for if a mixture of 
glycine, benzoic acid, and blood is injected thiough the kidney (or 
mixed with a minced kidney just removed from the body of an 
animal), hippunc acid is found to have been formed In the 
conversion of benzoic into hippunc acid which occurs m herbivora, 
the necessary glycine comes from the kidney itself 

The Inorganic Constituents of Urine 

The moigamc or mineral constituents of urine are chiefly chlorides, 
phosphates, sulphates, and carbonates , the metals with which these 
are m combination are sodium, potassium, ammonium, calcium, 
and magnesium, The total amount of these salts varies from 19 to 
25 grammes daily The most abundant is sodium chloride, which 
averages m amount 10 to 16 grammes per diem These substances 
are derived from two sources — from the food, and as the result of 
metabolic processes 

Chlorides — The chief chloride is that of sodium The ingestion 
of sodium chloride is followed by its appearance in the urine, some 
on the same day, some on the next Some is decomposed to form 
the hydrochloric acid of the gastric juice The salt m the body 
fulfils the useful office of stimulating metabolism and secretion 

Sulphates — The sulphates m the urme are principally those of 
potassium and sodium, and arise normally from the sulphur-con- 
taming ammo-acid cystine and its decomposition product ethyl 
mercaptan (C 2 H 6 SH) The sulphates vary m amount from 1 5 to 3 
grammes daily 

The sulphur of the proteins of the diet m passmg through the 
liver becomes completely oxidised to form inorganic sulphates That 
however which is derived from breakdown of cystme of body 
protems for the most part escapes the liver which from the circu- 
latory point of view is parallel to the kidney and is not converted 
into ordinary sulphates to any great extent, but appears m the urme 
partly as ethereal sulphates, and partly as certam obscure but not 
fully oxidised sulphur compounds *, it is usually spoken of as neutral 
sulphur , which therefore, like creatinine, bears a direct relation to 
endogenous metabolism 

The ethereal sulphates just mentioned form about a tenth of the 
total sulphates They are combinations of sulphuric acid with 
organic radicals, and the greater part of them originate from putre- 
factive changes m the intestine The chief of these ethereal 
sulphates are phenyl-sulphate of potassium and mdoxyl-sulphate of 
potassium The latter ongmates from the mdole formed m the 

* These include cystme, oxyproteic acid, alloxyproteic acid, and methyl 
mercaptan 
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intestine, and as it yields mdigo when treated with certain leagents 
it is sometimes called mdican 

The formation of these sulphates is important, the aromatic 
substances liberated by putrefactive processes m the intestine 
are poisonous, but their conversion into ethereal sulphates renders 
them harmless 


The equation representing the formation of potassium phenyl-sulphate is as 
follows — 

c 6 h s oh + so^gf = so/ogA + HO 

[Phenol ] [Potassium [Potassium [Water ] 

hydrogen phenyl sulphate ] 
sulphate-] 


Indole (C 8 H 7 N) on absorption is converted into mdoxyl — 


C 6 H 4 < 




COH CH 


l \NH.- 


The equation representing the formation of potassium mdoxyl-sulphate is as 
follows — 

c 8 h,no + so/gf = so*™** + h 2 o 

[Indoxyl ] [Potassium [Potassium [Water ] 

hydrogen indoxyl sulphate ] 

sulphate ] 


Carbonates — Carbonates and bicarbonates of sodium, calcium, 
magnesium, and ammonium are present only m alkaline urine They 
arise from the carbonates of the food, 01 from vegetable acids (make, 
tartaric, etc) m the food They are therefore found m the urme 
of herbivora and vegetarians, whose urine is thus rendered alkaline 
Urine containing carbonates becomes, like saliva, cloudy on standing, 
the precipitate consisting of calcium carbonate and also phosphates 

Phosphates — Two classes of phosphates occur in normal urme, 
but the actual salts found depend on the reaction of the nrme 

(1) Alkaline phosphates — that is, phosphates of sodium (abundant) 
and potassium (scanty) 

(2) Earthy phosphates — that is, phosphates of calcium (abundant) 
and magnesium (scanty) 

The composition of the phosphates in. urme is liable to variation 
In acid urme the acidity is due chiefly to the acid salts, sodium 
dihydrogen phosphate, NaELPCb, and calcium dihydrogen phosphate, 
Ca(H 2 P0 4 ) 2 

In alkaline urme the alkaline phosphates, disodrum hydrogen 
phosphate, bTa 2 HP0 4 , calcium hydrogen phosphate, CaHP0 4 , and 
magnesium hydrogen phosphate, MgHPO^ predominate, and these 
may be also the normal phosphates of sodium, calcium, and magnesium 
[Na^PO^ Ca 3 (P0 4 ) 2 , Mg 3 (P0 4 ) 2 ] In neutral urme there is a mixture 
of the acid and alkaline salts 
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The earthy phosphates are precipitated by rendeimg the urine 
alkaline by ammonia In decomposing unne, ammonia is formed 
from the urea The phosphates are precipitated as a white ciearny 
precipitate of — J 

(1) Triple phosphate 01 ammomo - magnesium phosphate 
(NH 4 MgP0 4 + 6H 2 0) This crystallises in “coffin-lid” ciystals (see 
fig 211) or featheiy stars 

(2) Stellar phosphate, oi calcium phosphate , this crystallises m 
stai-like clusters of pi isms 

As a rule normal urine gives no piecipitate when it is boiled, but 
sometimes neutral, alkaline, and occasionally famtly acid urines give a 
precipitate of calcium phosphate when boiled because of the dissolved C0 2 
being driven off this precipitate is amorphous, and is liable to be mis- 
taken for albumin It may be distinguished 
readily fiom albumin, as it is soluble 
in a few drops of acetic acid, whereas 
coagulated protein does not dissolve 

The phosphoric acid m the urine 
chiefly originates from the phosphates of 
the food, but is partly a decomposition 
product of the phosphorised organic 
materials m the body, such as lecithin 
and nuclein The amount of P 2 0 6 m the 
twenty-four hours’ unne varies from 2 5 
to 3 5 grammes, of which the eaithy 

phosphates contain about half (1 to Fia 211 “Urinary sediment of triple 
i e \ mi i v , phosphates (large prismatic crystals) 

1 5 gr ) Ine urine also contains minute and urate of ammonium, from urine 

quantities of organic phosphates, for meitetion d 1111(16120110 alkalme fer 

instance, glycero-phosphates 

Tests for the Inorganic Salts of Urine — Chlo7ides — Acidulate with mtnc 
acid and add silver nitrate , a white precipitate of silver chloride, soluble m 
ammonia, is produced The object of acidulating with nitric acid is to prevent 
phosphates being precipitated by the silver nitrate 

Sulphates — Acidulate with hydrochloric acid, and add barium chloride A 
white precipitate of barium sulphate is pioduced Hydrochloric acid is again added 
first, to prevent precipitation of phosphates 

Phosphates — i Add ammonia , a white crystalline precipitate of earthy (that is, 
calcium and magnesium) phosphates is produced This becomes more apparent on 
standing The alkalme (that is , sodium and potassium) phosphates remain in solution 
n Mix another portion of urine with half its volume of mtnc acid, add ammonium 
molybdate, and boil A yellow crystalline precipitate falls This test is given by 
both classes of phosphates 

Urinary Deposits 

The formed oi anatomical elements may consist of blood- 
corpuscles, pus, mucus, epithelium cells, spermatozoa, casts of the 
urinary tubules, prostatic threads, fungi, and entozoa All of these, 
with the exception of a small quantity of spermatozoa and mucus, 
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which forms a flocculent cloud in the urine, are pathological, and 
the microscope is chiefly employed m their detection 

The chemical substances are uric acid, urates, calcium oxalate, 
calcium carbonate, and phosphates Earer forms are leucme, 
tyrosine, xanthine, and cystine These aie of considerable importance 
m medicine, as their formation m the urinai y passages may lead to 
the formation of “ stone ” or of “ gravel,' ” which leads to obstruction 
or to pain The lecognition and treatment of the condition depends 
on the micioseopical examination of the deposits We shall, however, 
here consider only the co m moner deposits 

Deposit of Uric Acid — This is a sandy reddish deposit resembling 
cayenne pepper, occurimg in an acid mine It may be xecognised by 
its crystalline form (fig 209, p 567) and by the murexide reaction 
The presence of these crystals generally indicates an increased 
formation of uric acid, and, if excessive, may lead to the formation 
of stones or calculi m the kidney and bladder 



Fig 212 —Crystals of calcium oxalate 


Fig 213 —Crystals of cystine. 


Deposit of Urates — This “ buck dust ” deposit is much 
commoner than unc acid, and may occur m concentrated normal 
urme when it cools It is generally found in the concentrated 
urine of fevers, and theie appears to be a kind of fermentation, 
called the acid fermentation, which occurs m the urine after it has 
been passed, and which leads to the same result It has a pinkish 
colour due to the pigment uro-eryih r nn , and dissolves upon warming 
the urme It is usually amorphous, but crystallme forms similar to 
those depicted m fig 211 may occur Crystals of calcium oxalate 
may be mixed with this deposit (see fig 212) 

Deposit of Calcium Oxalate — This occurs in envelope crystals (octahedra) or 
dumb-bells It is insoluble m ammonia, and in acetic acid It is soluble with 
difficulty m hydrochloric acid Calcium oxalate calculi are the commonest kind of 
stones found in the kidney 
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Deposit of Cystine —Cystine (C 6 H 12 N 2 S,0 4 ) is lecogmsed by its colourless 
six-sided crystals (fig 213) These are rare they occur only in acid urine, and 
they may form concretions or calculi Cystmuria (cystine in the urine) is 
hereditary 

Deposit of Phosphates — These occur m alkaline urine The 
urine may be alkaline when passed, clue to fermentative changes 
occurring m the bladder All urine, however, if exposed to the an 
(unless the air is perfectly pure, as on the top of a snow mountain), 
will m time become alkaline, owing to the growth of the m%ci ococcus 
urece This forms ammonium carbonate from the urea 

CON 2 H 4 + 2H 2 0 = (NH 4 ) 2 C0 3 

[Urea ] [Water ] [Ammonium 

carbonate ] 

The ammonia renders the urine alkaline and precipitates the 
earthy phosphates 

All these phosphates are dissolved by acids, such as acetic acid, 
without effervescence 

A solution of ammonium carbonate (1 m 5) eats magnesium phosphate away 
at the edges it has no effect on the triple phosphate A phosphate of calcium 
(CaHP0 4 + 2H 2 0) may occasionally be deposited m acid urine Pus in urine is 
apt to be mistaken for phosphates, but can be distinguished by the microscope 
Deposit of Calcium Carbonate, CaC0 3 , appears but rarely as whitish balls 
or biscuit-shaped bodies It is commoner m the urine of herbivora It dissolves 
in acetic or hydrochloric acid, with effervescence 

Pathological Urine 

Under this head we shall buefly consider only those abnormal 
constituents which are most frequently met with 

Proteins — Theie is no protein m normal unne, # and the most 
common cause of the appearance of albumin m the urine is disease 
of the kidney (Bright's disease) The term “ albumin ” is the one 
used by clinical observers Properly speaking, it is a mixture of 
serum albumin and serum globulin 

Tests — (1) Heat — Boil the top layer of half a test-tubeful of 
urine If protein is present a cloud or a denser coagulum appeals 
The urine, if not already acid, should be previously acidified with 
acetic acid, as otherwise a cloud of phosphate may appear on heating 
because of expulsion of C0 2 , the cloud of phosphate is soluble m 
acetic acid (Compaie Pus below) 

(2) Nitnc Acid (Heller) — Run a drop of cold, concentrated nitric 
acid down the side of a test-tube containing a little urine If 
protein is present a piecipitate appears round the drop 

* This absolute statement is true for all practical purposes Morner, however, 
has stated that a trace of protein (serum albumin plus the protem constituent of 
mucm) does occur m normal urine , but the trace is negligible, many hundreds of 
litres of urine having to be used to obtain an appreciable quantity 
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(3) Salycylsulphome acid causes a white pieeipitate m the cold 
if protein is present 

Glucose — Normal urine contains no sugar or, so little that for 
clinical purposes it may be considered absent The conditions m 
which glycosuria occurs are described on p 510 Diabetic urme 
also contains /3-hydroxybutync acid, and may contain and yield on 
distillation, for reasons described in relation to the metabolism of 
fat (p 516), acetone and aceto-acetic or diacetic acid The 
presence of the aceto-acetic acid is specially important, and it 
indicates also the probable piesence of /3-hydioxy butyric acid The 
specific gravity of a urme containing sugar is high 

Tests for Glucose —(1) Boil equal quantities of Fehhng’s or Benedict’s solution 
and urine in separate tubes, and then add the one to the other If sugar is present 
a red precipitate appears See Carbohydrates 

(2) The fermentation test Half fill a test-tube with the urine and add a little 
yeast Fill up the tube with mercury , invert m a basin of mercury, and leave it 
m a warm place for twenty-four hours The sugar will undergo fermentation 
carbonic acid gas accumulates m the tube, and the liquid no longer gives the tests 
for sugar, or only faintly, but gives those for alcohol instead The specific gravity 
falls The phmyl-hydi azme test may also be applied to distinguish between glucose, 
lactose, and pentose 

The following Fallacies in Fehlmg’s test should be noted — 

(1) Lactose may occur in the urme of nursing mothers 

(2) Fructose, pentoses, and other sugars aie found but rarely 
Pentoses oceui m certain individuals after the eating of certain 
fruits, apples, plums, chemes, and turnips, and sometimes after beer 

(3) Glycuronates — These aie present when the body is getting 
nd of certain abnoimal substances, e g phenols formed from intestinal 
decomposition, or ceitam diugs, chloral, camphor, salicylates, chloro- 
form, tuipentme, moiphine These substances become linked to 
glycuromc acid, (C 6 H 10 O 7 ), an oxidation pioduct of glucose The 
terminal CHO is free and reduces the copper like glucose itself 
This, like the formation of ethereal sulphates, is an example of 
protective synthesis and appears to occur in the liver 

(4) Homogentisic Acid — This occurs m the raie condition of 
alkaptonuria , which results from the faulty metabolism of tyrosine 
The uime if exposed to the an becomes dark 

Fhscolorisation of the Fehhng’s solution, usually without actual reduction, may 
be caused by excess of urates or creatinine 

Motheras Test fot Acetom —Saturate the urme with ammonium sulphate, so 
as to leave some crystals undissolved at the bottom of the tube Add a few drops 
of a fresh dilute solution of sodium mtroprusside and a little 10 per cent ammonia 
Acetone gives a purple permanganate coloration If the colour develops rapidly 
and deeply, aceto-acetic acid is also present 

Test for Aceto-acetic Acid — Feme chloride gives a wine-red colour which is 
destroyed by boiling Aceto-acetic acid results from faulty fat metabolism, and 
may therefore be present m diabetes, starvation, and hypoglycsemia produced by 
insulin 
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Bile — This occurs m jaundice The uime is daik-biown, 
greenish, or in extreme cases almost black in colour 

Gmehn’s test for bile pigments consists in a play of colours — 
green, blue, red, and finally yellow, produced by the oxidising action 
of fuming nitric acid (that is, nitric acid containing nitrous acid m 
solution) The end or yellow product is called choletehn, 0 S2 H S6 N 4 0 12 
The test is earned out by dipping a piece of filter papei into the 
unne, allowing it to diy and placing on it a small drop of the acid 
Say’s sulphur test for bile salts If some flowers of sulphui 
(le finely powdered) are sprinkled on the surface of noimal mine, 
it remains floating on the top If bile salts are present even in 
small quantities, the fine sulphur particles fall down to the bottom 
of the vessel in which the urine is contained, this is due to a 
lowering of surface tension which bile salts produce 

Blood — When haemorrhage occurs m any part of the urinary 
tract, blood appears in the urine If a large quantity is present, 
the urine is deep red, if a small quantity only occurs then the urine 
looks “ smoky” Microscopic examination then leveals the presence 
of blood-corpuscles, and on spectroscopic examination the bands of 
oxyhaemoglobin are seen The urine also contams albumin 

The blood pigment may, under certain conditions, appeal in the 
urme without the presence of any blood-corpuscles at all This 
is produced by a disintegration of the corpuscles occurrmg in the 
circulation The condition so produced is called hcemoglobmuna , 
it occurs m several pathological states, as for instance in the tropical 
disease called “Black- water fever” The pigment is m the condi- 
tion of methsemoglobin mixed with moie or less oxy haemoglobin, and 
the spectroscope is the means used for identifying these substances 
Test fen Blood Pigment — To a little urine in a test-tube add a 
few drops of guaiaconic acid (or of tincture of guaiacum, which is 
less sensitive) , shake, and add an equal quantity of ether containing 
hydrogen peroxide The presence of blood is shown by a blue img 
at the junction of the two fluids The blue colour is due to oxidation 
of the guaiaconic acid by hydrogen peroxide in the presence of 
haemoglobin The test is given by saliva, which contams peroxidases , 
these are destroyed by boiling , solutions of haemoglobin (or blood) 
still give the test after they have been boiled 

The urme of a patient who is taking iodides gives the guaiacum 
reaction, even after the urme has been boiled 

Benzidine test — A knife point of benzidine is dissolved m 3 c c 
glacial acetic acid and 10 drops of this mixed with 3 c c hydrogen 
peroxide This gives no coloui change Blood causes a green or 
blue colour to appear m three minutes 

Microscopic test — Blood-corpuscles may be seen after the urme 
has been centrifuged and the deposit examined (The most reliable ) 
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Mucus forms a fiocculent cloudiness m the urine, insoluble m 
acetic aeid, soluble in potash. A small amount occurs normally 
Pus occurs in the urine as the result of suppuration m any part 
of the urinary tract It forms a white sediment resembling that of 
phosphates, and, indeed, is often mixed with phosphates The pus- 
corpuscles may, however, be seen with the microscope , their nuclei 
are rendered evident by treatment with 1 per cent acetic acid, and 
the pus-corpuscles are seen to resemble white blood-corpuscles, which, 
m fact, they are m origin They dissolve in glacial acetic acid 

Some of the protein constituents of the pus-cells — and the same 
is true for blood — pass into solution in the urme, so that the urme 
pipetted off from the surface of the deposit gives the tests for protein 
On the addition of liquor potassse to the deposit of pus-cells, a 
ropy gelatmous mass is obtained This is distinctive Mucus treated 
in the same way is dissolved 

Amin o-Acids — Formal urine con tarns traces of glycine Leucine, 
tyrosine, and other ammo-acids may be present after extensive dis- 
integration of tissue protein, such as occurs m acute atrophy of the 
liver In the latter condition urea is almost absent from the urme 
and there is a considerable increase m the ammonia The ammo- 
acids in such circumstances escape further decomposition and pass 
unchanged into the urme Cystine may occur as a rare anomaly of 
metabolism Associated with cystmuna one often finds diammuna, 
that is, the passage of diamines into the urme, these are known as 
cadaverme (C 5 H 14 F 2 ) and putrescine (C 4 H 12 N 2 ), and are the result 
of the removal of C0 2 from the diammo-acids lysine and ornithine 
respectively 
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the urine (continued) 

Estimations 

Total Nitrogen — KjeldahTs method of estimating nitrogen consists 
m boiling the material nndei investigation with stiong sulphuric 
acid The nitrogen present is by this means conveited into a mm onia 
Excess of soda is then added, and the ammonia distilled over into 
a known volume of standard acid The amount of diminution of 
acidity m the standard enables one to calculate the amount of 
ammonia, and thence the amount of nitrogen 

Urea — The hyjoobromite method is most convenient If the 
experiment is performed as directed below, nitiogen is the only gas 
which comes off, the carbon dioxide which is also formed being 
absorbed by the excess of soda 

Dupre's apparatus (fig 214) consists of a bottle (A) united to a 
measuring tube by india-rubber tubmg The measuring tube (C) is 
placed withm a cylinder of water (D), and can be raised and lowered 
at will. Measure 25 c c of alkaline solution of sodium hypobromite 
(made by mixing 2 cc of bromine with 23 cc of a 40 per cent 
solution of caustic soda) into the bottle A Measure 5 c c of urine 
mto a small tube (B), and lower it carefully, so that no urine spills, 
into the bottle Close the bottle securely with a stopper perforated 
by a glass tube , this glass tube (the bulb blown on this tube prevents 
froth from passmg into the rest of the apparatus) is connected to the 
measurmg tube by india-rubber tubmg and a T-p iece The third 
limb of the T -piece is closed by a piece of mdia-rubber tubmg and 
a pmch-cock, seen at the top of the figure Open the pmch-cock 
and lower the measuimg tube until the surface of the water with 
which the outer cyhnder is filled is at the zero point of the 
graduation Close the clip, and raise the measurmg tube to 
ascertam if the apparatus is air-tight Then lower it agam Tilt 
the bottle A so as to upset the urme, and shake well for a minute 
or so During this time there is an evolution of gas Then im m erse 
the bottle m a large beaker containing water of the same temperature 
as that m the cyhnder After two or three minutes raise the 
measurmg tube until the surfaces of the water mside and outside 
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it are at the same level Eead off the amount of gas (nitrogen) 
evolved. 354 0 cc of mtiogen aie yielded by 1 0 giamme of urea 
Fiom this the quantity of uiea m the 5 c c of mine and the percentage 
of urea can be calculated If the total urea passed m the twenty-four 
hours is to be ascei tamed, the twenty-foui hours’ urine must be 
carefully measured and thoroughly mixed A sample is taken 
fiom the total for analysis, and thus the total 


amount of urea is ascertamed 
By the moie accuiate mease method the 
uiea is decomposed mto ammonia and carbonic 
acid by means of the enzyme urease of the 
soya-bean The ammonia is then estimated 
as indicated below , but as the urine always 
contams a little preformed ammonia, this 
has to be previously estimated and deducted 
from the total 

Blood Urea — In clinical work it is fre- 
quently necessary to compare the concentra- 
tions of urea m blood and urine The blood, 
after removal of the proteins, is treated with 
soya-bean meal (containing urease) m an acid 
phosphate solution, the urease converts the 
urea, but none of the other nitrogenous 
constituents of the blood, mto ammonium 
carbonate The solution is then rendered 
alkaline with potassium carbonate and the 
ammonia drawn off by suction mto a measured 
amount of standard acid Subsequent titra- 
tion of the acid indicates the amount already 
neutralised by the ammonia liberated from 
urea, thus the percentage of urea can be 
calculated Normally this varies from about 
20 mgms pei cent m young people to 40 or 
50 m older persons 

Ammonia — Sorensen’s Method — When 
neutral solutions of ammonium salts are 
treated with an excess of formaldehyde, the 
compound hexamethylene tetramine (uroti opine) is formed, with 
the libeiation from the ammonium salt of a corresponding amount 
of acid (4^01+602^0 = N 4 (CH 2 ) 6 +6H 2 0+4HC1) which can 
be titrated in the usual way The following method (Bi own’s) 
gives accurate results Urine (60 cc) is stirred with basic lead 
acetate (3 gms ) (to remove nitrogenous compounds which mterfere 
with the subsequent reaction) and filtered , potassium oxalate (2 gms ) 
is added to the filtrate which is again stirred and filtered The clear 



Fig 2X4 — Dupr6 s urea 
apparatus 
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filtrate (10 c c ) is diluted with, distilled water (50 c c ) and a few 
drops of phenolphthalem (1 pei cent ) and potassium oxalate 

N 

(5 gms) added The mixtuie, if acid, is neutialised with ^ NaOH 

Neutralised foimalin (20 cc of 20 pei cent ) is finally added The 
acid thus hbeiated accoichng to the above equation is then titrated with 
N N 

NaOH Each c c of NaOH used to restore the pink colour 
corresponds to 0 0017 grm NH 3 

Aeration (Van Slyke) — This gives more accurate lesults than the 
formaldehyde method The urine is made strongly alkaline with 
potassium carbonate which decomposes the ammonium salts The 
liberated ammonia is drawn by suction into a measured amount 
of standard acid The excess acid not lequired foi neutialising 
the ammonia is estimated by titration and tins subtracted from the 
original quantity of acid gives the amount of acid equivalent to the 
ammonia 

Sugar — The estimation depends on the power of monosacehandes 
in virtue of their free CHO group to leduce cupric hydiate in 
alkahne solution to cuprous oxide 

Fehlmg’s solution consists of (1) copper sulphate dissolved m 
distilled water, (2) Rochelle salt* dissolved m dilute solution of 
caustic soda The two solutions are mixed and diluted to a htre 

Benedict's solution, which is now generally prefened, is a similar 
alkahne solution of copper sulphate containing potassium thio- 
cyanate, which foims a white precipitate with the cupious oxide 
formed so that the latter does not obscuie the blue coloui of the 
sulphate It is usually made up so that 25 cc of the solution 
are reduced by 0 05 gm glucose 

10 cc of Fehhng’s or 25 cc of Benedict's solution are diluted 
and boiled m a porcelam basin Into this the urine is run from a 
burette until the blue colour of the copper sulphate disappears 
From the amount of urine used the peicentage of sugar contained 
is calculated If over 1 per cent is found, the urine is diluted five 
or ten times and the procedure repeated 

* The Rochelle salt (and sodium citrate in the case of Benedict’s solution) keeps 
the copper m solution 
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CHAPTEB XXXIX 


THE ACID -BASE EQUILIBRIUM OF THE BODY 

The Reaction of Fluids 

When hydiochlonc acid is added to watei, the water becomes acid 
because the HC1 dissociates into its component ions of hydiogen 
and chlorine If a more complex acid such as acetic is used, its 
hydrogen forms one ion and the remainder of the acid another 
The acidity or alkalinity as determined by titiation m the oidinary 
way gives not only the dissociated but also the undissociated acid 
and therefore gives little information legardmg the activity of the 
solution The real strength 01 degree of acidity depends on the 
number of hydiogen ions present m the solution HC1 is a strong 
acid because the dissociation is nearly complete, lactic acid is a 
weak acid because the number of free H ions is less, and then 
concentration does not rise proportionally to the amount of lactic 
acid present 

In the same way the degree of alkalinity of a solution depends 
on the concentration of hydroxyl (OH) ions But in any solution 
if the concentration of H ions is multiplied by that of OH ions the 
product is constant 

In a solution which turns blue litmus led, the H ions preponderate 
but OH ions are not absent, m a solution which turns led litmus 
blue the reverse is the case 

Pure distilled water dissociates to a tuflmg extent into H and 
OH ions which of necessity are equal m number and we call watei 
neutral, not because it is neither acid nor alkaline but because it is 
both m equal degree 

Hydrogen-ion Concentration — Now since it can be shown that 
m any solution the product of the concentiation of H ions 
multiplied by the concentiation of OH ions is constant, the 
concentration of hydrogen ions m a solution may be used to 
express eithei acidity or alkalinity In pure water it has been 
determined by experiment that the concentration of hydiogen ions 

%e the cR per litre is 0 000,0001 OoVo O O § ramme > 01 or as 
is more commonly expressed 10“ 7 
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a physiological saline solution, m increasing amount, the concentra- 
tion of hydrogen ions mci eases also Carbonic acid is continually 
bemg thrust into the blood by the tissues, and the leaction is but 
little disturbed because of the mechanisms which exist for its 
transport The maintenance of the acid-base equilibrium in the blood 
is most important The vanous cells and tissues it nourishes demand 
a reaction which is almost neutial, and perhaps theie is no othei 
collection of cells which aie so sensitive to variations from the 
normal as those which make up the lespnatoiy centre, the figures 
already given show how a very slight mciease m the hydrogen-ion 
concentration of the blood stimulates them to excessive action, and 
produces exaggerated biea thing (hyperpnoea) 

We have now to consider the way m which the noimal acid-base 
relationship is maintained, and to discuss moie fully the effects 
which ensue when this balance is upset In 1 elation to the tians- 
port of C0 2 by the blood we saw that the majority of it became sodium 
bicarbonate and a small quantity of it remained m free solution m the 
plasma Both these substances can leadily be got nd of according 
to the requirement of the body For piactical purposes therefore it 
is convenient to consider that, although there are a multitude of 
substances m the plasma, only two need be taken into account 
One of these, C0 2 , when dissolved m water is acid (H 2 C0 3 ), the 
other, sodium bicarbonate (FTaHC0 3 ), is alkaline The way m 
which the relative concentrations of these two substances affect 
the hydrogen-ion concentration of the blood is quite simple, viz, 
that the hydrogen-ion concentration vanes diiectly with the ratio 
(normally of the one substance to the other For convenience 
it has been agreed that the woids “concentration of” shall be 
expressed by square biackets and hydiogen ion by H Concen- 
tration of hydrogen ions is thus abbreviated to [H ], and this as 


stated above varies as 


[H,oo s ] 

[NaH00 3 ] 


01 what comes to the same thing 


[H ] = 


&[H 2 COJ 

[NaHCOJ 


, k being a constant 


In relation to acidsemia and alkalsenna below, we shall see that 
the body has many mechanisms by which this ratio is kept constant 
The reaction of the blood may convemently be determined 
by the method of Dale and Evans, which consists essentially of 
placing the blood m a small dialysing bag inside a small tube of 
physiological saline and subsequently, when dialysis has taken place, 
determining the [H ] of the saline Or the blood may be centrifuged 
and the [H ] of the plasma, diluted, taken 

In each case the blood is kept under oil to prevent loss of C0 2 
and is oxalated to prevent clotting The [H ] is determined colon- 
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metrically by compaung the coloui of the fluid with salmes or 
diluted plasmas respectively of known H-ion concentration to which 
indicators have been added 

The reaction is noimally about 7 4 but life is possible with 
a much moie alkaline blood Death howevei occurs if the blood 
becomes acid to a veiy slight degree We shall see howevei below 
that the body is well piovided with mechanisms to prevent this 
occurring 

Acidaemia 

In acidemia theie is a tendency of the blood to become acid 
This occuis, physiologically, m muscular exeicise when laige 
quantities not only of carbon dioxide but also of lactic acid are 
thrown into the circulation The effect of the carbon dioxide we 
have already seen in relation to the carnage of carbon dioxide 
This section should be re-read by those unfamiliar with it We 
must now consider how the lactic acid is dealt with, since, m 
disease, the body deals with other acids m a similar way Heie 
we see the importance of what we know as the “ Buffer Substances,” 
which are so called because they “ soak up ” the acid, so to speak 
They are the sodium bicarbonate and the alkaline sodium phosphate 
of the blood, which react with acid thus — 

NaHCO % + HL = NaL + H 2 0 + C0 2 

[Sodium bicarbomte+lactic acid ] = [Sodium lactate+water+earbou dioxide ] 

Na 2 HP0 4 +HL = NaE + NaH 2 P0 4 

[Alkaline sodium pliosphate+lactic acid] = [Sodium lactafce+acid sodium phosphate ] 

The carbon dioxide formed from the bicarbonate stimulates 
respiration and is excieted by the lungs and the acid sodium phosphate 
is excreted by the kidney The reaction of the blood, therefore, 
remains practically unchanged since the substances formed are little 
dissociated and are rapidly got nd of 

The Alkali Beserve of the Body — We have seen m relation 
to the carnage of caibon dioxide that the alkali available m the 
blood itself for the transport of this and other acids is known as 
the alkali reserve of the blood , but it is now evident that this alkali 
by no means exhausts the resources of the body m this respect 
(See Transport of Caibon Dioxide ) 

In addition, the body makes use of the ammonia which, as we 
have seen, is produced as a product of piotein metabolism This 
function appears to be carried out by the kidney, which has the 
power of breaking down urea and of utilising the ammonia so foimed 
to neutralise acid. The evidence that the kidney does this is that 
the renal vem may contain more ammonia than the arteiy and m 
renal disease, although an acidaemia may be present, the ammonia- 
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uiea ratio is unalteied (M £ Lean) In seveie exeicise theie is, then, 
an increased excietion of ammonium salts, with a conesponchng 
diminution m the uiea content of the uime The lattei becomes 
more acid because, as we have seen, of the increased excietion of the 
acid sodium phosphate These facts, together with the fall of the 
alveolai C0 2 which lesults fiom the stimulation of the resprratoiy 
centre, have an impoitant clinical significance, as they may be taken 
as evidence of the piesence of abnoimal acids m the blood, such as 
may be produced fiom the faulty oxidation of fats m diabetes 

A nnld degiee of acidsemia takes place on a meat diet m virtue 
of the acid substances produced by protem, and all the characteristic 
changes m the urine aie obseived 

Seveial other mechanisms also assist m mam taming the reaction 
of the blood Normally the animal takes m an excess of alkaline 
phosphates which aie excreted by the bowel In acidsemia, more of 
this phosphate is letamed 

Moie recently also, Chusty has shown that the more C0 2 
theie is m the blood, the less the chlonde, indicating that the 
tissues have some power to take up acid m an emergency This 
chlonde may, m part, be excreted by the kidney, but not wholly 
so, as it may letuin to the blood if the C0 2 falls This emphasises 
the fact that the alkali reseive of the body may be held, quite 
properly, to refer to the whole body, since every one of its cells is 
capable of taking up m the same way a small amount of acid m 
virtue of the buffer substances it contams 

When the body succeeds m thus overcoming the addition of 
acid without there being any actual use of the hydiogen-ion concen- 
tration of the blood, the acidsemia is said to be compensated , but 
as soon as the compensation fails and the hydiogen-ion concentration 
of the blood rises, a condition is very soon arrived at which is 
incompatible with life 


Alkalsemia 

In alkalsemia theie is a tendency foi the body to become alkaline 
Such a condition may be pioduced when an individual over- ventil- 
ates voluntarily, as a result of stimulation of the respiratory centre 
by heat, eg a hot bath, or at a high altitude when probably the 
want of oxygen stimulates the respiratory centre It is observed, 
to a small extent, m the early forenoon, when lespiratoiy activity is 
very great In such circumstances we have the opposite state of 
affans to that m acidsemia — namely, deci eased excretion of ammonia 
by the kidney and mciease of urea, with an alkaline urme due to 
the excretion of alkaline sodium phosphate Further, since the 
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H 2 C0 3 is leduced, it becomes neeessaiy, m oidei to keep the ratio 

tt 

• kf IrriA at about ^,-th, to exciete bicarbonate by the kidney, which 

xi 3»Ju[002 

still further contributes to the alkalinity of the urine There is, 
then, a diminution of the alkali leseive of the blood, not because of 
acidaemia, but as a compensation to an alkalsemia (Henderson) 

This compensation is an important factoi m adaptation to high 
altitudes wheie as a lesult of oxygen- want theie is a stimulation of 
lespiration and a washing out of carbon dioxide 

A tendency to alkalsemia exists noimally when a vegetable diet, 
which pioduces laigely alkaline substances, is taken and a smnlai 
tendency is said to occui when the stomach secretes HC1 

In such cncumstances, not only do we get urinary changes, but 
the respiration is automatically depressed slightly, the alveolar 
content of the carbon dioxide mcreases and acid is thereby retained , 
chlorides also pass into the blood from the tissues (Christy) 

In alkalmmia there occui s a diminution in the ionic calcium of 


the blood with an increase m the un-ionised Severe degrees of 
alkakemia foi tins leason bring about tetany — % e spasms of certain 
muscles, especially of the hands and feet The facial nerve is 
commonly hypernntable to tapping (See Paiathyroid G-lands) 
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CHAPTEE XL 


THE SKIN 

The skin is composed of two parts, cpidcums 01 cuticle , and do mis 
or cutis vei a 

The Epidermis is a thick stiatified epithelium The deeper 
layei s are composed of protoplasmic cells, and foim the oete mucosum , 
or Malpighian layei , the surface layers aie haid and homy, this 
homy layer is the thickest pait of the epideimis, and is specially 
thick on the palms and soles, where it is subjected to most f notion 
It is m the cells of the Malpighian layer that pigment granules are 
deposited m the coloured races 

Between the horny layei and the Malpighian layei aie two 
intermediate stiata, m which the tiansfoimation of piotoplasm mto 
homy matenal (Leo atm) is takmg place In the fiist of these — that 
is, the one next to the Malpighian layei — the cells are flattened, 
and filled with large granules of eleidm, an mteimediate substance 
m the formation of liorn This layer is called the stratum 
gmnulo sum Above this aie seveial layers of clear, more rounded 
cells, which constitute the stratum lucidum, and above these the 
horny layer proper, many strata deep, begins The cells become 
more and moie scaly as they approach the surface, where they lose 
their nuclei and eventually become detached 

The epidermis grows by a multiplication of the deepest layer 
of cells, the newly-foimed cells push towaids the surface those 
pieviously formed, m their progress undergoing transformation mto 
keratin The epidermis has no blood-vessels , nerve-fibrils pass mto 
its deepest layers, and ramify between the cells 

The Dennis is composed of dense fibrous tissue, winch becomes 
looser and more reticular m its deeper part, where it passes by 
insensible degrees into the areolar and adipose tissue of the sub- 
cutaneous legion The denser superficial layer is very vascular, and 
is covered with minute papillae , the epidermis is moulded over these, 
and m the palms and soles, where the papillae are largest and are 
disposed m rows, their presence is indicated by the well-known 
ridges on the surface 
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The papillae contain loops of capillanes, and m some cases, 

especially m the palm of the 





Jt 


Fig 215 —Vertical section through the skin of the 
sole of tlie foot a, Horny layer , &, stratum 
granulosum, c, stratum lucidum, d, Mai 
pighian Iajer, e, cutis vera, /, papilla of 
cutis vera , g, fat lobule of subcutaneous 
tissue, 7i, sweat-gland, i, onfice of sweat 
duct (Szymonowicz ) 


hand and fingeis, they contain 
tactile corpuscles (which will be 
moie fully described in connec- 
tion with the sense of touch) 
Special capillary networks are 
distubuted to the sweat-glands, 
sebaceous glands, and hair fol- 
licles 

The deeper portions of the 
dei mis m the scrotum, penis, 
and nipple, contain involuntary 
musculai tissue , there is also 
a bundle of muscle - fibres 
attached to each hair follicle 

The Nails aie thickenings of 
the stratum lucidum Each lies 
m a depiession called the bed of 
the nail, the posterior pait of 
which is ovei lapped by epideimis, 
and called the nail-groove The 
dermis beneath is beset with 
longitudinal ridges instead of 
papillae, these are veiy vasculai 
but in the lunula , the crescent at 
the base of the nail, theie are 
papillae, and this part is not so 
vascular 

The Hairs are epidermal 
growths, contamed m pits called 
haw follicles The pait within 
the follicle is called the wot of 
the hair 

The mam substance of the 
hair is composed of pigmented 
horny fibious material, m reality 
long fibullated cells It is covered 
by a layer of scales imbricated 
upwards (haw cuticle) In many 
hairs the centre is occupied by 
a medulla , foimed of rounded 
cells containing eleidm granules* 
Minute air - bubbles may be 
present in both medulla and 
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fibious layer, and cause the hair to look white by leflected li°\ht 
The giey han of old age, however, is pioduced by a loss° of 
pigment 

/ 







Fig 21b —Vertical section of skin 
A ? c 1 v* 4 opening 

into ” F Musok 

fibres 0 Sudoriferous or 
sweat gland D Subcutaneous 
fat E Fundus of hair follicle, 
with hair papilla (Klein ) 


The loot is enlaiged at its 
extieimty into a Inob, into 
which projects a vascular 
jwjnlla fiom the tiue skin 
The hair follicle consists of 
two parts, one continuous with the epi- 
dennis, called the loot-sheath , the other 
continuous with the dermis, called the 
d cumc coat The two are separated 
by a basement membrane called the 
hyaline layci of the follicle The root- 
sheath consists of an outer layei of 
cells like the Malpighian layer of the 
epidermis, with which it is directly 
continuous {outer loot-sheath), and of 


an inner horny layer {inner i oot-sheath ), continuous with the horny 
layer of the epidermis The mnei root-sheath consists of three 
layers, the outermost being composed of long cells with obscure 
nuclei {Rente's layei ), the next of squarish nucleated cells {Huxley's 
layer), and the third is a cuticle of scales, imbricated downwards, 
which fit over the scales of the cuticle of the hair itself 
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A small bundle ol plain muscle -fibies is attached to each 
follicle (fig 216) When it eontiaets, as undei the influence of cold, 


ttltC d> € 



Pig 217 —Longitudinal section of a 
hair follicle, a and. b , External 
root-slieatli , c, internal root 
sheath, d, fibrous layer of the 
hair, e, medulla, /, hair papilla, 
g } blood \ essels of the hair papilla , 
h , dermic coat (Cadiat ) 



Fig 21S — Trans\ erse section of a hair and hair follicle 
made below the opening of the sebaceous gland 
a, Medulla, or pith of the hail , b, fibrous layer , 
c, cuticle, d, Huxleys layer, e, Henles layer of 
internal root sheath, / and g, layers of external loot 
sheath, outside of g is the basement membrane or 
hyaline layer , h , dermic (fibrous) coat of hair follicle , 
i, \ essels (Cadiat) 


or of certain emotions such as feai, the hair is erected and the 



whole skin is loughened (“goose 
skm ”) The nerves supplying these 
muscles are called jnlo-motoi nerves 
The distribution of these nerves 
closely follows those of the vaso- 
constrictor nerves of the skm , their 
cell-stations are m the lateial 
sympathetic cham 

The sensitiveness of the hairs or 
more properly of the hair follicles 
is subserved by a ring-like plexus 
of nerve-fibrils around the hair 
follicle, within the outer sheath, 


(fc^^onomcz^ onde prepara ^ oi:L **>0 Just beneath the erL t r ance of the 

sebaceous gland (see fig 219) 

The sebaceous glands (fig 216) are small saccular glands, with 
ducts opening into the uppei portion of the hair folhcles The 
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secreting cells become chaiged with fatty matter, which is dis- 
charged into the lumen of the saccules owing to the disintegration 
of the cells The secretion, sebum, contains isocholesteiol m addition 
to fatty matter It acts as a lubricant to the hans 

The sweat-glands (fig 215) are abundant over the whole 
human skin, but aie most numerous where hairs are absent, on 
the palms and soles Each consists of a coiled tube m the deepest 
part of the dermis, the duct fiom which passes up through the 
deimis, and by a coikscrew-like canal thiough the epidermis to the 
surface 

The secreting tube is lined by one or two layers of cubical 01 
columnar cells, outside this is a layei of longitudinally arranged 
muscle-fibres, and then a basement membrane 

The duct is of similai stiucture, except that theie is usually 
but one layer of cubical cells, and muscle-fibies are absent, the 
passage thiough the epidermis has no proper wall, it is meiely 
a channel excavated between the epideimal cells 

The ceruminous glands of the ear are modified sweat-glands 


The Functions of the Skin 

Protection — The skin acts as a piotective oigan, not only by 
mechanically coveung and so defending internal stiuctuies fiom 
external violence, but moie paiticulaily m virtue of its containing 
receptois, organs of sensation and reflex action (see latei m the 
chaptei on Touch) 

Heat Regulation — See chapter on Temperature 

Respiration — A small amount of respiratory interchange of 
gases occuis through the skm, but m thick-skinned animals this is 
very small In man, the carbonic acid exhaled by the skm is about 
to of that which passes from the lungs But in thin- 

skinned animals, such as frogs, cutaneous lespnation is very 
important , after the lemoval of the lungs of a frog, the respnatoiy 
interchange thiough the skm is sufficient to keep the animal alive, 
the amount of carbonic acid discharged bemg about half as much as 
when the lungs are present (Bischoff) 

Absorption — This also is an unimportant function, but the 
skm will m a small measure absorb oily materials placed m contact 
with it , thus many ointments are absorbed, and general effects aie 
produced by local inunction 

Secretion — The secretions of the skm are two m number The 
sebum is the natural lubricant of the hairs The secietion of sweat 
is an impoitant function of the skm, and we will therefore discuss it 
at greater length 
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The Sweat 

Physiology of the Secretion of Sweat — We have seen that the 
sweat-glands are most abundant m man on the palms and soles, and 
here the greatest amount of perspiration occurs Different animals 
vary a good deal m the amount of sweat they secrete, and m the 
place where the secretion is most abundant Thus the ox perspires 
less than the horse and sheep , perspiration is absent from rats, 
rabbits, and goats, pigs peispne mostly on the snout, dogs and cats 
on the pads of the feet only 

As long as the secretion is small m amount, it is evaporated from 
the surface at once , this is called insensible joerspw ation As soon 
as the secretion is increased or evapoi ation prevented, drops appear 
on the suifaee of the skin This is known as sensible jpei spimtion 
The relation of these two varies with atmospheric conditions, the 
diier and hotter the air, the greater is the proportion of insensible 
to sensible perspiration In round numbers the total amount 
of sweat secreted by a man is two pounds in the twenty-four 
hours 

The amount of secretion is influenced by the vasomotor nerves , 
an mcrease in the size of the skm-vessels leads to increased, a con- 
striction of the vessels to diminished, perspiration There are also 
special secretory fibres, stimulation of which causes a secretion even 
when the circulation is suspended, as in a recently amputated limb 
These fibies are paralysed by a ti opine They aie contained m the 
same nerve- trunks as the vasomotor nerves, as are also the nerve- 
fibres which supply the plain muscle-fibies of the sweat-glands 
which act during the expulsion of the secretion The secretoiy 
nerves for the lower limbs issue from the spmal coid by the last 
two or three thoiacic and first two or foui lumbar nerves, they 
have cell-stations in the lower ganglia of the lateral chain, and pass 
thence to the sciatic nerve They are controlled by a centre in the 
upper lumbar region of the cord, those for the upper limbs leave 
the cord by the sixth, seventh, and eighth anterior thoracic roots, 
have cell-stations m the ganglion stellatum, and ultimately pass to 
the ulnar and median nerves , they are controlled by a centre m the 
cervical enlargement of the coid The secretoiy fibres for the head 
pass in the cervical sympathetic, and m some branches of the 
trigenunal nerves These subsidiary centies are dominated by one 
m the medulla oblongata (Adamkiewicz) These facts have been 
obtained by experiments on animals (cat, horse) 

The sweat-centres may be excited dnectly by venous blood, as m 
asphyxia , or by overheated blood (over 40° 0 ) , or by certain drugs 
(see further), or refiexly by stimulation of afferent nerves such as 
the femoral and peroneal 
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Nervous diseases are often accompanied by disordeied sweating, 
thus unilateral perspiration is sometimes seen in cases of hemiplegia , 
degeneration of the anterior nerve-cells of the cord may cause 
stoppage of the secretion 

The changes that occur m the secreting cells have been investi- 
gated by Eenaut m the horse When charged they are clear and 
swollen, the nucleus being situated near their attached ends , when 
dischaiged they are smaller, granular, and their nucleus is more 
central 

The sweat, like the urine, must be regarded primarily as an 
excretion, the secreting cells eliminating substances formed else- 
where Stale sweat may putiefy and be very disagieeable 

Composition of the Sweat — Sweat may be obtained m abundant 
quantities by placing the animal or man m a closed hot-air bath, or 
from a limb by enclosing it m a vessel made air-tight with an elastic 
bandage Thus obtained, it is mixed with epidermal scales and a 
small quantity of fat-like matter from the sebaceous glands The 
continual shedding of epidermal scales is m reality an excretion 
Keratin, of which they are chiefly composed, is rich m sulphur, and, 
consequently, this is one means by which sulphui is removed from 
the body 

The reaction of sweat is acid, and the acidity, as in the uime, is 
due to acid sodium phosphate In profuse sweating, however, the 
secretion usually becomes alkaline or neutral It has a peculiar 
and characteristic odour, which varies m different parts of the body, 
and is due to volatile fatty acids, its taste is saltish, its specific 
gravity about 1005 

In round numbers the percentage of solids is 1 2, of which 0 8 
is inorganic mattei 

The salts are m kind and relative quantity very like those of the 
urine , sodium chloride is the most abundant salt Funke was unable 
to find any uiea, but most othei observers agree on the presence of a 
minute quantity It appeals to become qmckly transformed mto 
ammonium carbonate The protein which is present is probably 
denved from the epithelial cells of the epidermis, sweat-glands, 
and sebaceous glands, which aie suspended m the excietion, but 
m the horse there is albuminous matter actually m solution in 
the sweat 

Abnormal, Unusual, or Pathological Conditions of the Sweat 

Drugs — Certain drugs (sudoirhcs) favour sweating, eg pilocarpine, 
Calabar bean, strychnine, piciotoxme, muscanne, nicotine, camphor, 
ammonia Others dimmish the secretion, eg , atropine and morphine 
m large doses 

Large quantities of water, by 7 casing the capillary blood-pressure, 
and probably also by diluting the blood, increase the perspiration 
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Some substances introduced into the body reappear in the sweat, 
e g , benzoic, tartaric, and succinic acids readily, quinine and iodine 
with more difficulty Compounds of aisenic and mercury behave 
similarly 

Diseases — Cystme has been found in some cases of cystmuna, 
glucose m diabetic patients, bile-pigment m those with jaundice 
(as evidenced by the staining of the clothes) , indigo m a peculiar 
condition known as chiomidiosis, blood or hsematm derivatives 
m red sweat, albumin m the sweat of acute rheumatism, which 
is often veiy acid , urates and calcium oxalate m gout , lactic acid 
in pueiperal fevei, and occasionally in rickets and sciofula 

Kidney Diseases — The i elation of the secietion of the skin to that 
of the kidneys is a veiy close one Thus copious secretions of urine, 
or wateiy evacuations fiom the ahmentaiy canal, coincide with dry- 
ness of the skin, abundant peispiration and scanty urine generally 
go together In the condition known as wcemia (see p 564), when 
the kidneys secrete little or no urine, the percentage of urea uses 
m the sweat, the sputum and the saliva also contain urea under 
those conditions The clear indication for the physician m such 
eases is to stimulate the skin to action by hot-air baths and 
pilocarpine, and the alimentary canal by means of purgatives In 
some of these cases the skin secretes uiea so abundantly that when 
the sweat dries on the body, the patient is coveied with a coating of 
urea crystals (“ urea frost ”) 

Varnishing the Shin — By covering the skin of such an animal as 
a rabbit with an impermeable varnish, the tempeiatuie is 1 educed, a 
peculiar train of symptoms set up, and ultimately the animal dies 
If, however, cooling is prevented by keeping such an animal m warm 
cotton- wool, it lives longer Varnishing the human skin does not 
seem to be dangerous Many explanations have been offered to 
explain the peculiar condition observed in animals , retention of the 
sweat would haidly do it, the blood is not found post-mortem to 
contain any abnoimal substance, nor is it poisonous when tiansfused 
into another animal Cutaneous lespnation is so slight m mammals 
that stoppage of this function cannot be supposed to cause death 
The animal, in fact, dies of cold , the noimal function of the skin 
m regulating temperatuie 01 m pioducmg the sensoiy stimulant to 
metabolism is intei feied with, and it is animals with delicate skins 
which are most readily affected 
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CHAPTEE XLI 


BODY TEMPERATURE 

Since departures from the normal body-temperature are among 
the fundamental physical signs of disease, and smce observations of 
the temperature of the patient are only less frequent in medical 
practice than those of the pulse or of the tongue, it is necessary to 
have as complete an understandmg as possible of the principles that 
regulate the fluctuations of the clinical thermometer 
Animals may be divided into two great classes — 

(1) Warm-blooded or Komoiothermal animals, are those which 
have an almost constant temperature (Mammals and birds) 

(2) Cold-blooded or jooikilothermal animals, are those whose 
tempeiatuie varies with that of the surrounding medium, being 
always, however, a degree, or a fraction of a degree, above that of the 
medium This class includes reptiles, amphibians, fish, embryonic 
birds and mammals, and probably all mvertebrates 

The temperature of a man m health varies but slightly, being 
between 36 5° and 37 5° C (98° to 99° F ) Most mammals have 
approximately the same temperature horse, donkey, ox, 37 5° to 
38° , dog, cat, 38 5° to 39° , sheep, rabbit, 38° to 39 5° , mouse, 37 5° , 
rat, 37 9° Birds have a higher temperature, about 42° C The 
temperature varies a little m different parts of the body, that of the 
interior being greater than that of the surface , the blood commg 
from the liver, where chemical changes are very active, is warmer 
than that of the general circulation, the blood becomes rather 
coolei m its passage through the lungs and the skm 

The temperature also shows slight diurnal variations, reaching a 
maximum about 4 or 5 pm (37 5° C ) and a minimum about 3am 
(36 8° C ), that is, at a time when the functions of the body are least 
active If, however, the habits of a man are altered, and he sleeps in 
the day, working during the night, the times of the maximum and 
mmimum temperatures aie also mverted Inanition and inactivity 
cause the tempeiature to fall, and just at the onset of death it may 
be below 30° C Active musculai exercise raises the temperature 
temporarily by about 0 5° to 1° C 

Since the temperature of the body depends on the difference 
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between the amount of heat pioduced and the amount lost, we shall 
now consider heat production and heat loss m turn, and then study 
the way in which these are normally adjusted for the maintenance of 
a nearly constant temperature m the homoiothermal animal 

Heat Production 

(1) Effect of Changes of External Temperature — In theory there is 
a fundamental difference between cold- and waim-blooded animals m 
then reactions to external temperature A cold environment, since 
it lowers the tempeiatuie of the poikilotheimic creature, reduces the 
metabolism of all its tissues, and thus reduces its heat production 
The waim-blooded individual reacts in precisely the opposite way 
Smce his tempeiatuie lemains constant, his heat production increases, 
m order to neutralise the effect of his cold surroundings This has 
been demonstrated nr the case of fasting dogs An example may be 
given 


Temperature of air 

18 8° 0 

14 7° C 

17 S 0 

18° C 

Heat production m calories 
per kilo per diem 

78 7 

74 7 

69 8 

67 1 


In practice it is doubtful whether any such exact relation can be 
discerned in man, as it may be masked by other factors We have 
already msisted upon the equality between the respective energy- 
values of the food eaten and of the heat produced, and upon the 
advantage of an ample diet In practice it is the amount of food 
taken which controls the heat production, rather than the reverse 
The majority of well-to-do people, whose appetite is stimulated by 
then palate, maintain a constant body-temperature by regulating 
the loss rather than the production of heat In this connection the 
following figures, derived from obseivations made upon a dog which 
was fed upon considerable quantities of meat, may be compaied with 
those obtamed when the same animal was fasting (see also p 398) 


Temperature of air 

7 C 

15 C 

20° C 

25 0 

80 C 

Calories per kilo per diem— dog \ 
fasting J 

S6 4 

63 0 

55 5 

54 2 

56 2 

Calories per kilo per diem — dog ) 
given 320 g meat = 81 calories per > 

87 9 

86 6 

86 2 

1 

83 0 
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In the fasting dog a lowering of the suriounding tempeiatuie 
increases heat production in the animal , m the well-fed dog this 
is hardly noticeable 

On the other hand, it is instructive to note the types of food 
eaten by the natives of diffeient climates The Hindoo, who eats 
rice, requires to produce much less heat than the Esquimau, who 
makes seal meat and blubber his staple articles of diet 

The Seat of Heat Production — -While we say that every 
living tissue produces heat according to its activity, certain organs, 
such as glands, produce an amount which is fairly constant although 
relatively small By far the largest and most vanable amounts are 
produced by the muscles, and under conditions of extreme cold, 
muscular contraction, which we know as shiveimg, is bi ought about 
reflexly to maintain body temperature On hot days we experience 
a certain general flabbiness and lack of desire to do muscular woik 

Heat Loss 

The two channels of heat loss susceptible of any amount of varia- 
tion are the lungs and the skm The more air that passes in and 
out of the lungs, the greater will be the loss m warming the expired 
air and in evaporatmg the water of respiration In such animals 
as the dog, which perspire but little, lesprration is a most important 
means of regulating the temperature, and in these animals a close 
connection is observed between the production of heat and the 
respiratory activity The pantmg of a dog when overheated is a 
familiar instance of this A dog also, under the same conditions, 
puts out its tongue, and loses heat from the evaporation that occurs 
from its surface The great regulatoi, however, is undoubtedly 
the skm, and this has a double action 

Vasomotor Changes — The skm may regulate its heat loss by 
changing the amount of blood passing through the skm We are 
familiar with the flushing of the skm after exercise, due to vaso- 
dilation In such circumstances the body loses a greater amount of 
heat by radiation, conduction, and convection 

Sweating — When the body temperature tends to rise the sweat- 
glands secrete and the evaporation of the sweat, the latent heat of 
which is obtamed from the body, causes cooling Sweatmg may, 
however, occur locally as the result of the application of local heat 
When the sweatmg is excessive or the evaporation small we appreciate 
the secretion of sweat, but even at rest there is a considerable amount 
of insensible perspiration which passes unnoticed The amount of 
evaporation depends on the humidity of the atmosphere We are 
familiar with the increased sweatmg which occurs on a hot moist 
day The hot day, however, has the advantage over the cold day in 
that the relative humidity of the air is decreased 
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The atmosphere may vary appreciably in its cooling power, 
according to the rapidity with which the air in the immediate 
vicinity of the body is changed A draught causes excessive cooling 
of the body, therefoie, by increasing the loss by convection 

Quite otheiwise is it in climates where the tropical sun is 
combined with the moisture-laden wind There the possibilities of 
heat loss both by radiation and by evaporation are small, and 
the mhabitant peifoice 1 educes his heat pioduction to a mmimum 
He lives mdoois, and takes as little exercise as possible 

Certain Factors which govern the Relation between Heat 
Production and Heat Loss 

(1) Size — The quantity of heat produced by mammals of the 
same size is practically constant It is not dependent on the 
weight of the a nim al, nor on the relative size of the mdividual cells 
The size of the cells m a mouse is not very different from that of the 
cells in a horse, yet a mouse produces 452 large calories per kilo- 
gramme of body- weight in twenty-four hours, and the horse only 14 5 
calories The mouse thus requires thirty times more food per unit 
of body-weight than the horse The constant factor is body-surface , 
all well-nourished animals, including man, produce the same number 
of calories per square metre of suiface (Rubner) The body-surface 
is relatively large m a small animal The loss of heat is diminished 
both by the occurrence of fur and by the absence of sweat in the 
skins of most small animals, and in man the natural conditions may 
be much modified by artificial ones, such as clothing 

(2) Age — Inasmuch as the young are small, active, and growing, 
their heat production is relatively large, and further, since the 
extreme constancy of temperature which an adult man has attained 
is an evolved characteristic, very young children, m common with 
animals, are subject to changes of body-temperature which would be 
of much graver import m older people 

(3) Constitution — Different individuals differ greatly in their 
power of heat loss Apart from differences m size and in the faculty 
of peispiration, there remain such differences as those of compactness 
of shape, and especially m the amount of adipose tissue with which 
the viscera are protected 

Regulation of Body Temperature 

The body temperature appears to be regulated by an area 
m the bram known as the heat regulating centre This centre 
influences the vasomotor and sweating centie and thereby regulates 
heat loss from the cutaneous blood-vessels, and possibly the lower 
centres controlling heat production, eg those which innervate 
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voluntary muscle Evidence of this was put foiwaid by Baibour, 
who showed that if this part of the brain was pei fused with fluids 
of different temperatures, the eoi responding body reactions weie 
obtained The injection of hot saline into the penpheral end of the 
carotid artery may be shown to cause cutaneous vasodilatation, so that 
the temperature of the body is lowered, the reverse occuis when cold 
saline is injected Evidently the thermotaxie centre is extiemely 
sensitive to changes of temperature in the blood flowing through it 

If this part of the central nervous system is cut off by section of 
the cord or is anaesthetised, the body temperature falls , hence the 
necessity for keeping an anaesthetised patient warm It has been 
quite clearly shown that if the section of the brain is made below 
the thalami, temperature regulation is lost, the a nim al becoming 
poikilothermal (Magnus) The exact region of the centre is piobably 
the hypothalamus It was originally thought to be the corpus 
striatum, but Magnus showed that animals letain their heat 
legulatmg power when this region is removed 

Fever — Fever is primarily due to a diminished heat loss An 
increased heat production occurs in fever, but that this alone does 
not produce the condition is seen by the fact that in exercise or 
exophthalmic goitre, m which metabolism is enormously mci eased, 
there is only a very small rise in temperature, it is evident that 
the normal body can get rid of enormous amounts of heat nor 
is the heat regulating centre completely out of order, for it can 
be demonstrated that a febrile patient shows reactions to heat and 
cold 

It may be that the diminished heat loss is initially due to 
withdrawal of blood from the skin, % e when the sickening individual 
looks pale Lauder Brunton showed that bleeding would cause a 
temporary rise of mternal temperature in this way There is, 
however, at the same time a marked mciease of heat production 
(and of metabolism generally which leads to wasting) The increase 
may be due to the disease-producing agent itself, but is contributed 
to by the effect of the rise in temperature on metabolism Eventually 
in fever there may be a flushing of the skin, but this is less than 
normal for the same rise of temperature 

The withdrawal of blood from the skin may be a result of 
diminution m the volume of the blood due to the taking up of 
fluid by the tissues, a suggestion supported by the fact that the 
blood becomes more concentrated (Barbour) , or it may be that the 
blood is required elsewhere internally to deal with the infection, 
the skm vasoconstriction simply compensatmg for vasodilatation 
elsewhere 

This explanation of fe^er indicates why it is that although the 
heat regulating mechanism reacts to changes in temperature it 
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appears to be set at a higher level The withdrawal of blood from 
the skin necessarily leduces the response to a higher temperature 
Fever is, however, in a degree protective as antibodies are more 
actively produced at a highei than at a lowei body temperature 
The increased metabolism also assists the body to deal more 
adequately with the infective agents 

The sensation of temperature bears no relation to the actual 
body temperature and depends on the temperature of the nerve- 
endings of the skin which are affected by the outside air and by the 
amount of blood in the skin The pale, shivering patient suffering 
from a malarial attack, may have a temperature of 104° Similarly, 
people about to develop influenza look a little pale, and feel a little 
shivery for the same reason On the other hand, drugs which cause 
dilatation of the skin- vessels, eg alcohol, cause a fall of body 
temperature, although they give a sensation of cutaneous warmth 
After a prolonged hot bath, an individual may feel quite warm, 
because the skin-vessels become paralysed and may lose so much 
heat that he “ catches a chill ” as a result of the lowering of bodily 
resistance 
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CHAPTEE XLII 


THE CENTRAL NERVOUS SYSTEM 

The central nervous system is contamed within the ciamo-spmal 
cavity, and consists of brain and spinal coid These two paits are 
continuous with one another, and the line of separation is arbitranly 
drawn at the foramen magnum by which oiifice the spmal cord 



Fig 220 —Base of the brain 1 , Superior longitudinal fissnre , 2 , 2 ', 2 ", anterior cerebral lobe , 3, fissure 
of Sylvius, between anterior and 4, 4', 4", middle cerebral lobe, 5, 5', posterior lobe, 6, medulla 
oblongata , the figure is in the right pyramid , 7, 8, 9, 10, the cerebellum , +, the inferior vermiform 
process The figures from I to IX are placed against the corresponding cerebral nerves, III is 
placed on the right pedunculus cerebri , VI and VII on the pons , X the first cervical or 
suboccipital nerve (Allen Thomson ) j 

leaves the skull Both brain and cord v are enveloped by three 
connective-tissue membranes, known from without inwards as dura 
mater, arachnoid, and pia mater respectively 
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Anatomy of tlie Brain 

At the lowest pait of the bram (fig 221), continuing the spinal 
cord upwaids, is the medulla oblongata 01 bulb (D) Next comes the 
pons Varolii (C), very appropi lately called the bridge, because m it 
are the connections between the bulb and the upper regions of the 
brain, and between the m ebellum or small bram (B), and the rest of 
the neivous system 

The mid-brain comes next ( a , V) and this leads into the peduncles 
or ciuia of the cerebrum (A), the largest portion of the bram 



Fig 221 —Plan in outline of the bram, as seen from the right side i The parts are represented as 
separated from one another somewhat more than naturally, so as to show their connections A, 
cerebrum , f, g, h , its anterior, middle, and posterior lobes , e, fissure of Sylvius, B, cerebellum, 
C, pons, D, medulla oblongata, a, peduncles of the cerebrum, &, c, d, superior, middle, and 
inferior peduncles of the cerebeUum (From Quam ) 


But such a complex bram as the human bram does not obtain 
throughout the vertebrate senes The lower one goes in the scale, 
the smaller and less important does the cerebrum become, until in the 
fishes the cerebral hemispheres are practically absent It is the large 
size and convoluted cortex of these hemispheres which distinguishes 
the higher from the lower vertebrates 

A comparative study of the bram in different animals has been 
most valuable in the elucidation of the functions of its various parts 
There is some relation between the degree of development of the 
different jparts of the brain and the habits of an animal Bor 
instance, animals which rely largely on the sense of smell for their 
prey have a large olfactory area, whereas m such animals as 
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the porpoise, which have no sense of smell, the olfactory aiea of the 
brain is absent Animals with keen vision have a laige visual 
area m their brains > animals of nocturnal habits, or which live 
underground in the dark, have a very small one In fishes and birds 
we find the cerebellum and mid-bram (optic lobes) are lelatively 
large In fishes there is no convoluted cerebrum, little else but 
the basal ganglia being present 

In spite of these differences, and many more might be mentioned, there is 
throughout the vertebrate series from fish up to man, the same general plan of 
construction, and the brain of the human embryo resembles the brain of the 
adult fish A section through the brain of fishes shows the presence of the cerebral 
ventricles and the relationship of the pituitary body 
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THE SPINAL COED AND SPINAL NERVE-BOOTS 

The spinal cold is a column of nerve-substance connected above with 
the medulla oblongata of the biam, and situated m the vertebral 
canal If it is cut acioss it is seen to be composed of giey mattei 



Fig 222 — Different views of a portion of the spinal cord from the cervical region, with the roots of the 
nerves (slightly enlarged) In a, the anterior surface of the specimen is shown , the anterior nerve 
root of its right side is divided , m b, a view of the right side is given , m c, the upper surface is 
shown , m d, the nerve roots and ganglion are shown from below 1, the anterior median fissure , 
2, posterior median fissure , 8, anterior lateral depression, from which the anterior nerve roots are 
seen to issue , 4, posterior lateral groove, into which the posterior roots are seen to sink , 5, 
anterior roots passing the ganglion , 5', m a, the anterior root divided , 6, the posterior roots, the 
fibres of which pass into the ganglion 6' , 7, the united or compound nerve , 7', the posterior primary 
branch, seen m a and d to be derived in part from the anterior and in part from the posterior root 
(Allen Thomson ) 


which on histological examination is found to be composed largely of 
nerve-cells, and of white matter which is composed of nerve-fibies 
The white matter is situated externally, and constitutes its chief 
portion , the grey matter is in the interior, and is so arranged that 
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m a transverse section of the coid it appears like two crescentic 
masses connected together by the posterior commissuie (fig 222) 
The apices of each descent aie called the antenor and postenor 
horns respectively Throughout the whole length of the cord inns 
the central canal, which opens above into the space at the back of 
the medulla oblongata and pons, called the fourth ventricle 

The spinal cord consists of two symmetrical halves, separated 
antenorly and postenoily by vertical fissures (the posterior fissure 
being deeper, but less wide and distinct than the anterior) Each 
half is marked on the sides (obscurely at the lower part, but 
distinctly above) by two longitudinal furiows, which divide it into 
three portions, columns, or tracts, an anterior, lateral , and posterior 
From the gioove between the anterior and lateral columns spring 
the anterior roots of the spinal nerves (fig 222 B and C, 5) , and just 
in front of the groove between the lateial and posterior columns the 
posterior roots entei (b, 6) a pair of roots on each side corresponds 
to each vertebia The posterior root is characterised by the 
ganghon on it These two loots after a short distance join together 
to form what is known as a mixed nerve The functions of the 
loots aie dealt with later, but it may be noted 
here that the anterior is efferent or motor and 
the postenoi is affeient or sensory 

Grey Matter — The grey matter of the cord 
consists of nerve-fibres, most of which are very 
fine and dehcate, of nerve-cells with branching 
processes supported by the meshes of neurogha 
The neurogha of the grey matter resembles that 
of the white, but instead of everywhere formmg 
a close network to support the nerve-fibies, here 
and there it is m the form of a more open 
sponge-work to support the nerve-cells It is 
especially developed around the central canal, 
which is lined with ciliated columnar epi- 
thelium, the cells of which at their outer ends 
termmate in fine processes, which jom the 
neurogha network sunounding the canal, and 
form the substantia gelatmosa centralis It is 
also developed at the tip of the postenor cornu 
of grey matter, formmg what is known as the substantia gelatmosa 
late 7 alls of Eolando, which is much enlarged m the upper cervical 
region 

Groups of cells m the gi ey mattei — The multipolar cells of the grey matter 
are either scattered singly or arranged m definite groups (see fig 223) 

(1) Antenor hoi n cells — In the cervical and lumbar enlargements there are several 
groups of large multipolar cells m the anterior horn , in the thoracic region these are 
reduced to two, a mesial and a lateral group The larger groups correspond with 



Fig 223 —Section of half the 
spinal cord to show the 
principal groups of cells m 
the grey matter , a , groups 
of cells in the anterior 
horn , c, Clarhe s column , 
intermedio lateral group, 
m, middle cell column , p, 
scattered cells of the pos 
teriorhom. (Diagrammatic 
after Schafer ) 
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segments of the limbs, and m the cervical cord there is one special group from 
which the phrenic nerve arises for the supply of the diaphragm The axons pass 
out by the anterior nerve-roots of the same side, but a few axons pass to the 
antero-lateral column of the same side, and then by the white commissure to that 
of the opposite side In birds, a few axons are stated to pass to the posterior 
roots 

(2) Clarke's column — This is a group of large nerve-cells with their long axis 
vertical It lies at the base of the posterior horn, and is best marked m the thoracic 
region The axons of these cells pass into the cerebellar tracts 

(3) Intermedio-lateral group — This is seen in the outer part of the grey matter 
of the lateral horn, and is most distinct m the upper thoracic and lower cervical 
regions 

(4) The middle cell column lies m the middle of the crescent 

(5) The cells of the postemoi horn are usually small , they are numerous, but are 
not disposed in special groups except at the base of this horn in the thoracic 
region where hes Clarke’s column of cells, whose axons form the spino-cerebellar 
tracts 

White Matter — The white mattei of the coid is made up of 
medullated neive-fibies, of different sizes, i mining mainly in a 
longitudinal direction, and of a suppoiting matenal of two kinds, 
viz — {a) Oi dinary fibrous connective tissue with elastic fibres, which 
is connected with septa from the pia mater which pass mto the coid 
to carry the blood-vessels (6) Neuroglia, the piocesses of the 
neuioglia-cells are arranged so as to support the neive-fibres, which 
are without the usual neurolemmal nerve-sheaths 

The general rule respectmg the size of different parts of the cord 
is that each part is in direct proportion to the size and number of 
nerve-roots given off from it Thus the cord is very large m the 
middle and lower part of its cervical portion, whence arise the large 
nerve-roots for the formation of the biachial plexuses and the supply 
of the upper extiemities , it again enlarges at the lowest part of the 
thoracic and the upper part of its lumbar portions, at the origins 
of the large nerves which, after forming the lumbar and sacral 
plexuses, aie distributed to the lower extremities The chief 
cause of the greater size at these parts of the spinal coid is mcrease 
m the quantity of grey matter , the white part of the cord (especially 
the lateral columns) becomes gradually and progressively smaller 
from above downwards, because a certam number of fibres coming 
down from the brain pass mto the spmal grey matter at different 
levels 

Throughout the central nervous system laige numbers of nerve- 
fibies become collected into bundles which subseive special functions 
and are called columns or tracts 

Methods of investigating the Tracts of the Central Nervous 
System and the Spinal Roots 

(a) The emh yologwal method — It has been found by examining 
the spmal cord at different stages of its development that certam 
groups of the nerve-fibres put on their myelin sheath at earlier 
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periods than others, and so the different groups of fibres can be 
easily distinguished 

(&) Waller lan or degene'} ation method — This method depends upon 
the fact that if a neive-fibie is separated from its nerve-cell, 
it degenerates It consists in tracing the course of tracts of 
degenerated fibres, which result from an injury to any part of the 
central nervous system When fibres degenerate below a lesion, the 
tract is said to be one of descending degene r cation, and when the fibres 
degenerate m the opposite direction, the tract is one of ascending 
degeneration By the modern methods employed m staining the 
central nervous system, it has proved comparatively easy to distinguish 
degenerated parts m sections of the coid and of other portions of the 
central neivous system Degenerated fibres have a different staining 



Fig 224 — Diagram to illustrate Wallenan degeneration of nerve roots 


reaction from normal tissue when the sections are stained by the 
Weigert-Pal method 3 this consists in overstammg them in a special 
solution of hEematoxyhn, and then decolorising with potassium 
permanganate and sulphuric acid The degenerated fibres appear 
light yellow, whereas the healthy fibres remain a deep blue 
MarchTs osmic acid method has already been referred to on p 79 
Accidents to the central nervous system m man have given us 
much information on this subject, but this has been supplemented 
and largely extended by experiments on animals, particularly on 
monkeys, and considerable hght has been shed on the conduction 
of impulses to and from the nervous system by the study of the 
results of section of different parts of the central nervous system, 
and of the spmal nerve-roots 

By the degeneiation method it has been possible to show that 
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the antenor loot is composed of the axons of cells m the antenoi 
horn of the spinal coid and that the postenoi loot is composed of 
axons of cells which aie situated in the ganglion of the postenoi 
loots Sepai ation of the axons fiom then paient cells lesults m 
degeneiation of the axons These facts, made out by the eldei 
Wallei, are lllustiated by fig 224 m which 

A represents a section of the mixed neive beyond the union of 
the roots , the whole neive beyond the section degenerates, and is 
consequently shaded black m the figure 

B represents the result of section of the antenoi root , only the 
anterior root-fibres degenerate, the sensoiy fibres of the postenor 
root remain intact The small medullated 


nerve-fibres (not shown m the diagram) also 
degenerate as far as the ganglion cells of 
the sympathetic system with which they 
communicate 

The recurrent sensory fibres m this root (see p 96) 
do not degenerate with the others, but are found 
degenerated m the part of the antenor root attached 
to the spinal cord 

Section of the posterior root always 
produces the same physiological effect (loss 
of sensation)* wherever the section is made, 
but the degeneration effect is different 
according as the section is made on the 
proximal or distal side of the ganglion If 
the section is made beyond the ganglion, the 
degeneration occurs as shown in C beyond 
the section m the peripheral portion of 
the posterior loot-fibres, the anterior root 
remains intact except foi the recurrent 
sensory fibres which it contains 

If the section is made as m D (fig 
224), the postenoi roots degenerate between 



Fig 225 —Groups of fibres from 
the anterior and postenor 
roots several days after sec 
tion of both roots close to the 
cord , the anterior fibres are 
degenerated , the posterior, 
being still in connection with 
the nerve cells from which 
they grew, are normal 
(Mrs Waller for Dr Waller ) 


the ganglion and the cord, and if several posterior roots are so 
cut the degeneration may be traced mto the cord Immediately 
above, the degenerated fibres will be found m the column of 
Burdach, highei up m the cord they will be less numerous, and will 
have approached the middle line , the fibres which enter the cord 
lowest get ultimately nearest the middle hne, so that the greater 
part of the column of Goll is made up of sensory fibres from the 


* In order to obtain any appreciable loss of motion or sensation, it is necessary 
to divide several roots (anterior or posterior as the case may be), as there is a good 
deal of overlapping m the peripheral distribution of the fibres In the case of the 
limbs, section of one or two roots may cause paralysis of individual muscles 
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legs, the fibres which enter the coid last, foi instance those from 
the upper limbs and neck, puisue then upwaid couise m the column 
of Buidach. 

The accompanying figure (fig 226) shows the degeneration m a 
section of the spinal cord, after the division of a number of lower 
posterior nerve-roots on one side The microscopic section is taken 
high up, so that all the degenerated fibres have passed into the 
column of Goll on the same side, the medial set (1) are shaded 
differently fiom the lateral set (2), indicating that those nearest the 
middle lme come from the lowest nerve-roots Those which cross to 
the opposite side soon after entrance mto the coid, are not shown , 
they will be found formmg a scattered degeneration m the ascendmg 

tracts of the other side In 
addition to the degeneration 
of the posterior columns, such 
section of the posterior roots 
causes a degeneration of a few 
fibres which descend m the cord 
to lower segments, called the 
comma tract 

We may pass from this to 
consider the tracts of degenera- 
tion that occur when the spinal 
coid is cut right across in the 
thoracic region Some tracts 
will be found degenerated m 

Fig 226 -Degeneration m column of Goll after the piece of COrd below the 
section or posterior nerve roots 

lesion, these consist of nerve- 
fibres that are connected with the nerve- cells m the brain, the 
prmcipal ones are the pyramidal tracts Other tracts are found 
degenerated m the piece of cord above the lesion , these consist of 
nerve-fibres that are connected with the nerve-cells of the spmal 
ganglia, or with the cells of the spmal cord itself below the lesion, 
and are passing upwards 

In geneial terms we may say that the tracts which degeneiate 
downwards aie the efferent or motor tracts, and those which degenerate 
upwards are the afferent or sensory channels We must also take mto 
account groups of association fibres which unite different regions 
of the cord, these are generally short tracts m which, therefore, 
degeneration can only be traced a short distance up or down 

Fig 227 shows m a schematic way the manner in which the fibres of the two 
roots of a spinal nerve are connected to the grey matter in the cord , 

1, 2, 3, 4 represent four cells of the anterior horn Each gives rise to an 
axis-cylinder process A, one of which is shown terminating m its final ramifica- 
tion in the end-plate of a muscle-fibre M Each of these four cells is further 
surrounded by an arborisation (synapse) derived from the fibres of the pyramidal 
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tract P, which comes down fiom the brain The pyiamidal fibies leally teimmate 
round the cells at the base of the posterioi horn, these cells therefore act as 
intermediate cell-stations on the way to those m the anterior hom They aie 
omitted from the diagram to avoid confusion (see, however, fig 41, p 68) 

A fibre of the posterior root is also shown , this originates from the cell G of 
a spinal ganglion , the process of this cell bifurcates, one branch (B) passing to 
the periphery, where it ends m an arborescence m the skin (S) , the arrow by the 
side of this branch represents the dnection of conduction of the sensory impulses 
from the skin An arrow in the opposite direction would indicate the direction of 
its growth The other branch (C) passes into the spinal cord, where it again 
bifurcates , the branch E, a short one, passes downwaids and ends m an arborisa- 



Fig 227 —Course of nerve 'fibres m spinal cord (After Scbafer ) 


tion round one of the small cells (Pi) of the posterior cornu, from which a 
new axis-cylinder arises, and terminates round one or more of the multipolar 
cells (4) of the anterior horn 

The mam division D travels up m the posterior column of the cord, and ends 
in grey matter at various levels Some collaterals (5) possibly terminate by 
arborising directly round the antenor cornual cells, principally of the same side, 
but the majority (6) do so with an intermediate cell-station m a posterior cornual 
cell (P a ) , others (7) arbonse lound the cells of Clarke’s column (C) m the thoracic 
region of the cord, and from these cells fresh axis cylinders carry up the impulse 
to the cerebellum m what are called the cerebellar tracts, while the mam fibre (8) 
may terminate m any of these ways at a higher level in the cord, or above the cord, 
in the medulla oblongata A certain number of posterior root-fibies, however, 
cross the middle line and pursue their way up to the bulb m the ascending tracts 
of the opposite side of the cord 
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Descending Tracts 

(1 ) Gi ossed yoyo amidol to act — This is situated m the lateral 
column on the outei side of the posterior cornu of grey matter At 
the lower part of the spinal coid it extends to the margin, but higher 
up it becomes displaced from this position by the interpolation of 
another tract of fibres, to be presently described, viz , the direct 
cerebellar tiact Its shape varies m different regions of the cord, 
and its size diminishes from the cervical legion downwards, fibres 
passmg off as they descend, to arborise round the nerve-cells of 



Fig 22S —-Tracts of descending degeneration For the sake of clearness each is shown on 
only one side The lines indicate how the tracts are connected to the anterioi roots 
(After Schafer ) 


the posterior horn The fibres of which this tract is composed are 
moderately large, but are mixed with some that are smaller 

(2) Dnect oi unci ossed $yi amidol tiact — This is situated by the 
side of the anterior fissure Its fibres cross at intervals to the 
opposite side as far as the lower thoracic region 

The two pyramidal tracts, which are concerned with the per- 
formance of voluntary movements, come down from the brain 

Mingled with the fibres of the crossed pyramidal tract are a few fibres of the 
pyramid which have not crossed in the medulla oblongata, and are therefore 
derived from the same side of the cerebrum ( uncrossed cerebrospinal fibres) 

The pyramidal fibres are not found at all m veitebrates below 
the mammals In the lower mammals they are very few, and m 
some rodents (rat, mouse, guinea-pig) they are placed in the postenoi 
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columns The direct pyramidal tiact is found only m man and 
the higher apes 

(3 ) Ante') o-late'i al descending tract , or ti act of Loewenthal , hes by 
the side of the antenoi median fissure, and extends along the margin 
of the cord towards the lateral column It contains important 
vestibulo-spinal fibres which arise mainly from Deiters’ nucleus ma 
the posterior longitudinal bundle of the medulla oblongata and which 
are concerned with the maintenance of xeflex tone, especially of 
the extensor muscles The fibies of the tiact end by synapses in 
the anterior horn Section of the vestibulo-spinal tract abolishes 
decerebrate rigidity 

(4) Bulro-spmal or pre-pyo amidal tract — This is situated just 
in front of the crossed pyramidal tract Its origin is in the cells 
of the opposite red nucleus m the mid-bram, hence its name, 
rubro-spmal It crosses m the mid-bram at the decussation of 
Forel Its fibres end by arborisations m the grey matter about the 
middle of the crescent Section of this tract together with the 
pyramidal tract causes decerebrate rigidity, but there aie diffeiences 
m different animals In man, disease of the pyramidal tract produces 
an analogous condition m the limbs at least 

(5 ) Bundle of Helweg or Olivo-spinal tract — These fibres can be traced from 
the olivary body m the medulla oblongata, and pass down m the anterior part of 
the lateral column in the cervical region 

(6 ) Short tracts m the posterior column — These are (a) the Comma tract , 
though this degenerates downwards, it is m reality a sensory tract, being com- 
posed, as we have already seen, of the branches of the entering posterior root-fibres 
which pass downwards on entering the cord It is found only for a comparatively 
short distance below the actual lesion (6) Septomarginal fibres , these are few m 
number, and are mainly found near the median fissure, where they constitute the 
oval bundle , and near the posterior surface, where they form the median triangular 
bundle These are doubtless short association tracts, and are mixed with others, 
especially m the ventral part of the posterior column, which have an “ascending” 
course 

Ascending Tracts 

(1 ) Poster o-median column , or column of Goll — This consists 
of fibres derived from the posterior roots of the sacral, lumbar, 
and lower thoracic nerves These fibres enter the postero-lateral 
column, and gradually pass towards the mid-line, as already 
explained They end m the grey matter of the nucleus gracilis 
of the bulb 

(2 ) Postero-lateral column } or column of Burdach — Many of the 
fibres of this tract, which is also composed of the entering posterior 
nerve-roots, pass mto the grey matter of the cord either i mm ediately 
on entrance, or m their course upwards The rest contmue upwards 
to the medulla oblongata, but those from the lower roots pass mto 
the column of Goll, as just stated, those from the upper loots 
contmue to travel upwards m the column of Burdach, and end m 
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the giey matter of the nucleus cuneatus in the medulla oblongata 
The columns of Goll and Burdach are concerned with the conveyance 
of impulses undei lying the sensations of movement and position, and 
also of touch and the sense of vibiation 

(3) Do? sal o ? dn ect cmelellar tiad , or tract of Flechsig — This 
is found m the ceivical and thoracic regions of the cord, and is 
situated between the crossed pyramidal tract and the margin It 
degenerates on injury or section of the cord itself, but not on 
section of the postenor nerve-roots In other words, its fibres 
are endogenous, is , anse from cells within the grey matter of the 
coid, these cells aie those of Clarke's column of the same side, the 


Crossed 

Indirect 

Cerebellar 


Goll 



Fig 229 —Tracts of ascending degeneration, shown on one side of the cord only (After Schafer ) 
The lines indicate the axons which connect the tracts with the postenor nerve roots 


tract conveys afferent impulses which do not reach consciousness 
but which are concerned with the co-ordination and tone of muscles 
(4) Aniei o-lateral ascending tiact — This is situated m front of 
the crossed pyramidal tract m the lumbar region, while in the 
thoracic and cervical regions it forms a narrow band at the margin 
of the cord, curving lound even into the anterior column Its fibres 
intermingle with those of the antero-lateral descending tract, and 
consist of three sets (a) The indued or ventral sjoino-cerelellai 
ti ad of Gowers * anses from the cells of Clarke's column of the 
same side, to some extent from those of the opposite side Its 
fibies reach the cerebellum foi the most pait through the superior 
peduncle, which they enter by curving backwards just above the 
* Gowers originally described an antero-lateral tract to the cerebellum only 



CH XLIIl] 


ASCENDING TKACTS 


627 


place of exit of the fifth neive, hut some enter the mfeiioi peduncle 
The tract conveys impulses winch do not reach consciousness, hut 
which, like those of the doisal cerebellar tract, aie concerned with 
the maintenance of leflex tone and eo-oichnation of muscles (b) The 
spmo-thalamic had is an nnpoitant. constituent of the anteio-lateial 
ascending Its fibies arise fiom the cells of the middle and base of 
the posterior cornu of the opposite side Above they can be traced 
to the thalamus The tiact can be divided functionally into a 
dorsal part conveying impulses of pain, heat, and cold, and a ventral 
portion, situated m the antenor column, conveying impulses of touch 
and pressure This separation of the pain fibies m the tract makes 
it possible for the suigeon to cut these fibies m states involv ing 
prolonged pain The fibres may also become separately involved 
m disease of the spinal cord (c) The spmo-tecfal fibies arise from 
the cells of the posterior horn of the opposite side They end m 
the corpora quadngemma 

(5) Tract of Lissauer —This is a small tract of ascending fibres situated at the 
outer side of the tip of the posterior horn They consist of the spinal branches of 
the entering posterior root-fibres, and can be traced into the grey matter of the 
posterior horn 


Association Fibres m the Spinal Cord 

Some of the short tracts already alluded to as demonstrable m 
the spinal cold are bundles of association fibres which connect 
its different levels together The mam difficulty of investi- 
gating them by the degeneration method has arisen from the 
fact that they aie largely intermingled with, and so are hard to 
distinguish from, the long tracts which connect brain and cord 
together Their presence has been demonstiated by Sherrington 
by the method of successive degeneration The spinal cord of a 
dog was completely divided across, and the animal was kept ahve 
for a considerable time afterwards, sufficient time was allowed to 
elapse (roughly about a year) for all traces of the degeneration due 
to tins lesion to have disappeared The coid was then left, as it were, 
like a cleaned slate, on which once more a new degeneration could be 
written without fear of confusion with a previous one The second 
degeneration produced by such an operation as hemisection could 
then affect the intia-spmal fibres only, all the long tracts from brain 
to cord having been wiped out by the first operation The complete 
topography of all these fibies, which are very numerous, has not yet 
been woiked out 
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CHAPTEE XLIY 


STRUCTURE OF THE BULB, PONS, AND MID-BRAIN 


Anterior Aspect 

The bulb is larger than the spinal cord, and enlarges as it goes 
up until it terminates m the still largei pons (fig 230, p) The 
columns of the bulb are, speaking 
roughly, continuations upwards of 
those of the cord, but there is m 
each a considerable reanangement 
of the fibres Thus the prominent 
columns in the middle line, called 
the pyramids ( a a), aie composed 
of the fibres of the pyramidal tract 
(see fig 230) 

On the outer side of each 
pyramid is an oval prominence 
(c c), which is not represented m 
the spinal cord at all These are 
called the olivary bodies or olives , 
they consist of white matter out- 
side, with grey and white matter 
m their mterioi 

The restiform bodies at the sides 
(d d) are the contmuation upwards 
of those fibres from cord and bulb 
which enter the cerebellum, and the 
upper part of each restiform body is 
called the inferior peduncle of the 
cerebellum 



the pons Varolii, and medulla oblon 
gata a, a, pyramids , 5, their decus 
satlon, c, c, olivary bodies, <£, d, 
restiform bodies, e, arcuate fibres, 
f, fibres passing from the anterior 
column of the cord to the cere- 
bellum, g, anterior column of the 
spinal cord, h, lateral column, p, 
pons , i, its upper fibres ,5,5, roots 
of the fifth (trigeminal) pair of nerves 


Posterior Aspect 

On the posterior aspect (see figs 231 and 232) are seen the 
contmuations upwards of the columns of G-oll and Burdach on each 
side of the median fissure The central canal of the cord gets nearer 
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and nearei to the doisal suiface of the bulb, till at last it opens out 
on its back, and its suri ounding grey matter is spread out to 
foim the floor of the fourth ventricle The two upper boundaries 
of the diamond-shaped space are made by the superior peduncles 
of the cerebellum, the two lowei boundaries of the space aie 
made by the diveigmg posterior columns Superiorly the fourth 
ventncle is jomed with the third ventricle by the aqueduct of 
Sylvius 


The Internal Structure of the Bulb, Pons, and Mid-Brain 


The white mattei consists of tiacts or bundles of fibres running 
up and down between the brain and the cord The most important 
stretch of grey matter is composed of groups of nerve-cells or nuclei 
of the ceiebial nerves There aie twelve pairs of cerebral nerves, 
and of these the last eight pairs originate from the floor of the fourth 
ventricle or the neighbourmg grey matter 

The following is a list of the cranial nerves — 


1 

2 

3 

4 
6 


Olfactory — This is the nerve of smell 
Optic — This is the nerve of sight 
Oculo-motor\ 

I These three nerves supply the muscles of 
eyeball 


Trochlear 

Abducens 


the 


J 


5 Trigeminal — This is the great sensory nerve of the face and 
head Its smaller motor division supplies the muscles of mastication 
and a few other muscles also 

7 Facial — This is mainly the motor nerve of the face muscles, 
but contains some sensory fibres, including those of taste 

8 Auditory — This is divided mto two parts, one of which, called 
the cochlear nerve, is the true nerve of hearing, and is distributed 
to the cochlea of the internal ear, the other division, called the 
vestibular nerve, is distributed to the vestibule and semicircular 
canals of the internal ear, and is concerned in the appreciation of 
movement and the position of the head 

9 Glosso-phaiyngeal — This is a mixed neive, its motor fibres 
pass to certain of the pharyngeal muscles, its sensory fibres are 
mainly concerned in the sense of taste 

10 Vagus o? pneumogastmc — This is a neive with varied efferent 
and afferent functions, its branches pass to pharynx, larynx, 
oesophagus, stomach, lungs, heart, intestines, liver and spleen 
We have already studied its functions m connection with those 
organs 
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11 Spinal Accessory — The internal branch of this neive blends 
with the vagus, and its larger external division supplies the tiapezius 
and the sterno-cleido-mastoid muscles 



Fio 281 —Diagram to show the position of the nuclei of the cerebral nerves (after Sherrington) The 
medulla and pons are viewed from the dorsal aspect, the cerebrum and cerebellum having been cut 
away The nuclei (sensory coloured red, and motor blue) are represented as being seen through trans 
parent material C Q , a , anterior corpus quadngeminum [superior colliculus] , 0 Q p , posterior 
corpus quadngeminum [inferior colliculus] , CG, corpus geniculatum internum , v v , value of 
Vieussens , l c , locus cceruleus , e t , eminentia teres , str A , stride acoustic® of eighth nerve 
SP,MP, and I P , superior, middle, and mfenor cerebellar peduncles respectively cut through 
The numerals III to XII indicate the nuclei of the respective cerebral nerves, all shown on the 
left side except the accessory vago glosso pharyngeal IX , X , XI , which to avoid confusion is 
placed on the right side Vm Is the motor nucleus of the fifth nerve, Yd , the sensory nucleus 
of the same nerve with its long descending root , VHIm , the median nucleus of the auditory 
nerve, ND Nucleus ofDeiters, n ami nucleus ambiguus The position of the descending root 
of the ninth and tenth (fasciculus solitanus) is also indicated (f s ) 


12 Hypoglossal — This is the motor nerve to the tongue 
muscles 

A mere enumeration of the nerves connected to the bulb 
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shows how supremely important this small area of the brain is 
for carrying on the organic functions of life It contains centres 
which regulate deglutition, vomiting, the secretion of saliva, etc, 
respiration, the heart’s movements, and the calibre of the blood- 
vessels 

When we further consider that the various centres aie connected 
by gioups of association fibres, we at once realise the reason for 
the complexity of the structures where all this busy traffic takes 
place 

In the enumeration of the cerebral nerves, it will be noticed that 
many of them are either wholly motor or wholly sensory, and that 
some of them, like the spinal nerves, have a double function The 
motor fibres stait as axons from the nerve-cells in the grey matter 
of this region, just as the motor fibres m the spmal nerves originate 
from the cells of the spmal grey matter There is a corresponding 
resemblance in the ongm of the sensory fibres of the cerebral 
and spmal nerves In the latter, it will be remembered, they 
ongmate as outgrowths from the cells of the spmal ganglia, one 
branch growmg to the periphery, and the other to the spmal cord, 
where it terminates after a more or less extended course by formmg 
synapses with the cells of the grey matter In the sensory cerebral 
nerves the fibres have a corresponding ongm m peripheral ganglia, 
and those branches which grow towards the bulb terminate by 
arbonsmg round special groups of cells spoken of as the sensory 
nuclei 

The diagram on p 633 (fig 231) roughly indicates the position of these nuclei , 
the motor nuclei are coloured blue, and the sensory red It must, however, be 
clearly recognised that while the motor nuclei are true centres of ongm, the so- 
called sensory nuclei are groups of cells round which the entering sensory fibres 
arborise, these cells do not give origin to the axons of the sensory nerves, but 
their axis-cylinders pass m various directions, many accompanying the fillet to the 
thalamus. 

We see that the so-called sensory nuclei (coloured red) are m the minority , they 
comprise the sensory nucleus of the fifth nerve with its long descending root, the 
nuclei of the eighth nerve (only one of which, VII Ira , is seen in the diagram), 
and the glosso-pharyngeal and vagal portions of a long strand of nerve-cells called 
the combined nucleus ox the ninth, tenth, and eleventh nerves The remaining nuclei 
(coloured blue) are efferent, and may be principally arranged m two groups — 
(1) the nuclei of the third, fourth, sixth, and twelfth nerves, which are close to the 
middle line , and (2) the motor nucleus of the fifth, the nucleus of the seventh, and 
the nucleus ambiguus (motor nucleus of the ninth and tenth nerves) which form 
a line more lateral m position 

It should be added that, except a portion of the optic nerve-fibres, a few fibres 
of the third, and the whole of the fourth nerves, none of the fibres of the cerebral 
nerves cross to the opposite side 
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Transverse Sections of the Brain-Stem 

We will limit ourselves to seven transverse sections, the levels of which are 
indicated m the following diagram (fig 232) The cerebellum has been bisected 
into two halves and turned outwards, its upper peduncles having been cut through 
to render the parts more evident. The positions of the sections are indicated 
by the transverse lines numbered 1 to 7 

First section (fig 233) Through the region of the decussation of the 
pyramids at the lowest level of the bulb The similarity to the cervical cord 
will be at once recognised, the passage of the pyramidal fibres (P) from the 
anterior part of the bulb to the crossed pyramidal tract of the opposite side of the 



Fio 282 —Diagrammatic representation of dorsal aspect of medulla, pons, and mid "brain 


cord cuts off the tip of anterior horn (A), which in sections higher up appears as an 
isolated mass of grey matter, called the lateral nucleus (ng 234 w Z ) The V* 
formed by the two posterior horns is opened out, and thus the grey matter with 
the central canal is brought nearer to the dorsal aspect of the bulb , the tip of the 
cornu swells out to form the substantia gelatinosa of Rolando (R), which causes a 
prominence on the surface called the tubercle of Rolando } G and C are the funiculi 
gracilis and cuneatus respectively, the continuations upwards of the columns of Goll 
and Burdach 

Second section (fig 234) Above the pyramidal decussation — Beginning 
m the middle line at the top of the diagram, we see first the posterior median 
fissure {v ruff below which is the grey matter enclosing the central canal (c c f 
and containing the nuclei of the eleventh and twelfth nerves , the funiculus 
gracilis ( fg ) comes next, and then the funiculus cuneatus (/c), these two 
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funiculi now have grey matter in their interior, these masses of grey matter are 
called respectively nucleus go acilis (n g ) and nucleus cuneatus (■ nc ), the fibres 
which have ascended the posterior columns of the cord terminate by arborising 
round the cells of this grey matter , the fibres from the lower part of the body end 
m the nucleus gracilis, and those from the upper part of the body in the nucleus 
cuneatus These nuclei form a most important position of relay m the course of 
the afferent fibres from cord to brain The new fibres (the second relay of the 
sensory spinal path) arising from the cells of these nuclei pass in a number of 
different directions, and break up the rest of the grey matter into what is called 
the formatio reticulaons {f o ) 

The nucleus gracilis and nucleus cuneatus are often spoken of as the posterior 
column nuclei , they do not receive all the ascending branches of the posterior root- 
fibres, for a number of these branches have already entered the grey matter and 
arborised amongst its cells in the spinal cord itself The cells of the posterior 

column nuclei are of moderate size, and their 
axons pass as internal arcuate fibres into the 
reticular formation between the two olivary 
bodies, which is known as the inter-olivary 
layeo They cross the median raphe dorsal to 
the pyramids, and then turn upwards towards 
the upper parts of the brain, and so constitute 
what is known as the fillet or lemniscus In 
the higher parts of the bulb and pons, this 
tract is reinforced by fibres from the cells of 
the sensory nuclei of the cerebral nerves The 
fillet becomes a longitudinal bundle, which 
passes upwards to the thalamus, which forms 
the next cell-station on the path of the sensory 
impulses to the cortex 

Other points to be noticed in the section 
are the substantia gelatmosa of Rolando ( g ) 
(representing the tip of the posterior cornu 
of the cord), now separated from the surface 
by the descending root of the fifth nerve 
(J F), the lateral nucleus (n l ) (remains of 
the anterior cornu of the cord) , the lower part 
of the grey matter of the olivary body (o, o'), 
and most anteriorly the pyramid ( py ) 

Third section (fig 235) At the middle 
of the olivary body, and through the lower 
part of the floor of the fourth ventricle 
The centra] canal has now opened out into the 
fourth ventricle, and the grey matter on its 
floor contains the nuclei of the twelfth and 
tenth nerves , bundles of the fibres of these nerves course through the substance 
of the bulb, leaving it at the places indicated m the diagram 

The nucleus gracilis and nucleus cuneatus are pushed into a more lateral position, 
and higher up are replaced by small masses of grey matter mingled with nerve- 
fibres {nucleus posterior) , the restiform body {0 r ) now forms a well-marked 
prominence, and the olivary body is well seen with its dentate nucleus , from the 
open mouth of this corrugated layer of grey matter a large number of fibies issues , 
passing through the raphe, they course as internal arcuate fibres to the opposite 
restiform body, and thus to the cerebellum , some pass to the restiform body of 
the same side , the continuation of the direct cerebellar tract of the cord also passes 
into the restiform body Its fibres terminate by arborisations round Purkinie’s 
cells m the vermis of the cerebellum The continuation of the tract of Gowers lies 
just dorsal to the olivary body The funiculus sohtamus and nucleus ambiquus are 
also seen m this section, and are respectively the sensory terminations of fibres of 
the seventh, ninth, and tenth nerves and the combined motor nucleus of the ninth 
and tenth 



Fig 238 —Section through the bulb at 
the level of the decussation of the 
pyramids G, funiculus gracilis, con 
tinuation of column of Goll, 0, funiculus 
cuneatus, continuation of column of 
Burdach, R, substantia gelatinosa of 
Rolando, continuation of posterior horn 
of spinal cord , L, continuation of lat- 
eral column of cord, A, remains of part 
of the anterior horn, separated from 
the rest of the grey matter by the 
pyramidal fibres P, which are crossing 
from the pyramid of the medulla to the 
posterior part of the lateral column of 
the opposite side of the cord 

(After L Clarke) 
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Fourth section (fig 236) Through the middle of the pons -Shows much 
the same kmd of airangement as m the uppei pait of the bulb The general 
appearance of the section is, however, modified by a number of transversely 
coursing bundles of fibres, most of which are passing to the cerebellar hemispheres 
and form the middle cerebellai peduncles Intermingled with these is a consider- 
able amount of grey matter {nucleus pontis ) 

From the cells 6f the nucleus pontis, the fibres of the middle peduncle take 
origin, and many fibres and collateials of the pyiamidal tract arborise round 
them The continuation of the pyramids (py) is embedded between these trans- 
verse bundles The pyramidal fibres which teiminate m the pons are situated 
posteio-laterally, and are spoken of as coi tico-pontme m conti adistmction to 



Fia 234 —Transverse section of the medulla oblongata in the region of the decussation of the fillet 
am/, Anterior median fissure, fa , superficial aicuate fibres, py , pyramid, nar , nuclei of 
arcuate fibres , fa 1 , deep arcuate, fibres becoming supeificial, o, o', lower end of olnary nucleus , 
n l , nucleus laterals , f r , forma o reticularis , / a 2 , arcuate fibres proceeding from the formatio 
roticulans, g, substantia gelatmosa of Rolando, d V , descending root of fifth nerve, fc, 
funiculus cuneatus , n c , nucleus cuneatus , n c ', external cuneate nucleus , n g , nucleus 
gracilis, fg , funiculus gracilis, pm/, posterior median fissure, c c , central canal surrounded 
by grey matter, m which are n XI , nucleus of the eleventh and n XII , nucleus of the twelfth 
nerve , $ d , decussation of fillet (Modified from Schwalbe ) 

those of the pyramidal tract proper {corticospinal) which pass down through the 
pons to the cord 

The pyramidal bundles are separated from the reticular formation by deeper 
transverse fibres, which constitute what is known as the trapezium {!) These 
fibres belong to a different system, and form part of the central auditory path , 
some of them connect the auditory nuclei of the two sides together The larger 
olivary nucleus is no longer seen, but one or two small collections of grey matter 
{os) represent it and constitute the superior olivary nucleus These as well as a 
collection of nerve-cells m the trapezium {nucleus of the trapezium) are connected 
with fibres of the trapezium, while some of their axons pass into the adjacent 
lateral part of the fillet 

The nucleus of Deiters (n VIII , fig 236) begms to appear m the upper part 
of the bulb, and extends into the pons , it lies near the floor of the ventricle, a 
little mesial to the restiform body The nerve-fibres connected with its cells pass 
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towards the middle line, and enter the posfeno ? longitudinal bundle, which is more 
clearly seen m the next two sections (fig 237) This bundle of fibies connects 
Deiters’ nucleus, the nucleus of the third and sixth nerves, and the anterior horn 
cells of the spinal cord The fibres which pass into it from Deiters nucleus 
bifurcate, one branch passing upwards to arborise round the cells mainly of the 
oculo-motor nucleus of the opposite side , the other extends downwards through 
the bulb into the cord, where it is found as the vestibulo-spinal tract m the 
antero-lateral descending tract of each side The fibres end in synapses round 
the aptenor horn cells , _ £ , 

The nerves which are connected with the grey matter of this region of the pons 
are the sixth, seventh, and eighth, as shown in the diagram The nuclei in 



Fig 285 —Section of the medulla oblongata at about the middle of the olivary body fl a , Anterior 
median fissure, ii.ar , nucleus arcuatus , p, pyramid, XII , bundle of hypoglossal nerve emerging 
from the surface , at &, it is seen coursing between the pyramid and the olivary nucleus, o , f a e , 
external arcuate fibres, n l , nucleus lateralis, a., arcuate fibres passing towards restiform body, 
partly through the substantia gelatmosa, g , partly superficial to the descending root of the fifth 
nerve, d V , X , bundle of vagus root emerging, fr , formatio reticularis , C r , corpus restiforme, 
beginning to he formed, chiefly by arcuate fibres, superficial and deep , n c , nucleus cuneatus , n g , 
nucleus gracilis , f , attachment of the ligula [tssnia ventnculi quarti] , fs , funiculus solitarius , 
n. X , nX', two parts of the vagus nucleus , n XII , hypoglossal nucleus , n t , nucleus of the 
funiculus reres , n am , nucleus ambignus , r , raphe , A , continuation of the anterior column of 
cord, o', o", accessory olivary nucleus , p o l , pedunculus olivse (Modified from Schwalbe ) 

connection with the fifth nerve are higher up, where the floor of the ventricle is 
again narrowing At last, in the region of the mid-brain, we once more get a 
canal (Sylvian aqueduct) which corresponds to the central canal of the spinal 
cord 

Fifth and Sixth sections Through the mid-brain — These are drawn on 
a smaller scale than the others we have been examining , they represent the actual 
size of the sections obtained from the human subject 

Near the middle is the Sylvian aqueduct , with its lining of ciliated epithelium 
In the grey matter which surrounds it are large nerve-cells from which the fourth 
nerve, and higher up the third nerve, originate , the fibres of the third nerve are 
seen issuing from these m fig 237, B , Ilf The reticular formation of the pons 
is continued up into the mid-brain, and is called the tegmentum It is composed 
of both longitudinal and transverse bundles of fibres intermingled with grey 
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matter Its transverse fibres include those of the superior peduncles of the 
cerebellum which decussate m the middle line (fig 237, A, S C P ) 

Another important longitudinal bundle in the tegmentum is the fillet This, 



Pig *>36 -Section across the pons, about the middle of the fourth ventricle wj> Pyramidal bun&es , 
po 7 traverse fibres passing po, behind, and po., m front otpy, r rapbe os superior olhe 
a v bundles of motor root of V nerve enclosed m a prolongation of the substance of Rolando , t, 
trapezium VI the sixth nerve, n VI > its nucleus , VII , facial nerve , VII a. , intermediate por 
S ™ II , its nucleus, VIII , auditory nerve, « VIII, Deiters’ nucleus, formerly called the 
lateral nucleus of the auditory (After Quain ) 

we have seen, is the longitudinal continuation of the internal arcuate fibres, which, 
starting from the cells of the posterior column nuclei of the opposite side, form 
the second relay on the sensory path , to these fibres others are added which 




Fig 2S7 —Outline of two sections across the midbram A, through the substantia^ mma 

temporo occipito cerebellar (T O 0 ) at the sides (After Schafer ) 

originate from other masses of grey matter m bulb and pons In the mid-brain the 
fillft divides into three bundles, termed \he laUral, the and fte 

(1) The lateral fillet is chiefly formed by fibres ^ved from the accessory 

acoustic, the superior olivary, and trapezoid nuclei of the ' fthe lateral 
of its fibres terminate by synapses round a new collection of cells (the lateral 
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fillet nucleus ), the axons of which pass mwaids towards the raphe The rest of its 
fibres can be traced to the grey matter of the inferior corpoia quadrigemina 

(2) The upper fillet consists of fibres which go to the superior corpora quadri- 
gemina and partly to the tegmental legion of the mid-bram and optic thalamus 

(3) The mesial fillet goes on through the tegmentum of the pedunculus cerebri, 
and its fibres termmate round the cells of the thalamus, and the subthalamic 
region. From here fresh axons forming a new relay continue the afferent impulses 
to the cortex of the cerebrum 

The mesial fillet is the important link in this region between the sensory spinal 
nerves and the part of the bram which is the seat of those processes we call 
sensations But most of the fibres which continue the sensory path of the cerebral 
nerves form another less well-defined tract ( the central tract of the sensory cerebral 
nerves) which lies dorsal to the fillet, but terminates like it in the subthalamic 
region and thalamus, whence a new relay carries on the impulses to the cortex 
Within the tegmentum is grey matter known as the red nucleus, and on its 
ventral aspect is a layer of grey matter, of which the celLs are deeply pigmented , 
hence it is called the substantia nigra (S N ), which 
receives many collaterals from the pyramidal bundles 
The white matter on the ventral side of this is known 
as the crusta (Ci) or pes It is here that the pyramidal 
bundles are situated, these occupy its middle three- 
fifths ( Py ) The mesial fifth is occupied by fibres passing 

from the frontal region of the cerebrum to the pons, and 
thence to the cerebellum , hence they are called fronto- 
cerebellai fibres The fibres occupying the lateral fifth 
are usually spoken of as temporo-occipital cerebellai fibres, 
but there is no certainty as yet regarding their origin or 
functions 

The four corpora quadnqemma are formed mainly of 
grey matter , from each superior corpus a bundle of white fibres passes upwards 
and forwards to the geniculate bodies, eventually joining the optic tract of the 
same side In the tegmentum ventral to the superior C quadrigemina lies the red 
nucleus which gives rise to the rubro-spmal tract It is connected with the 
cerebellum, the thalamus, and the cerebral cortex 

The cells of the grey matter of the corpora quadrigemina differ greatly in form 
and size, the destination of their axons is not precisely known, but some pass 
ventralwards, cross at the raphe, and constitute the fountain decussation of 
Meynert , after decussation they form the main mass of the vential longitudinal 
bundle , this gives off collaterals to the nuclei of the three nerves that supply the 
eye muscles, and then runs ventro-laterally to the posterior longitudinal bundle, 
with which its fibres ultimately mix m the antero-lateral descending tract of the 
spinal cord 

Seventh section Through the crus — It is made up of crusta (which 
contains the motor fibres), tegmentum (which contains the sensory fibres, especially 
the bundle called the mesial fillet), and the substantia nigra , the grey matter 
which separates them 



Fig 2SS —Section through, 
peduncle of cerebrum Gr, 
crusta , S N , substantia 
nigra, T, tegmentum 
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STRUCTURE OF THE CEREBELLUM 


The ceiebellum is composed of an elongated cential poition or lobe, 
called the veimis, which connects togethei two hemispheies 

The ceiebellum is composed of white and giey matter, the lattei, 
like that of the cerebium, bemg external, and like it, infolded, so 
that a laiger aiea may be contained m a limited space The tree-like 



Fig 289 - Corebcllum m section and fourth vontriolo, with the ) - v * * - S roove 

of fourth ventricle, ending « i i 71 ” '' * 1 . * T 1 1 1 ' ’ L L "* or ” 10<i 

by the fasciculi terctes [evr m < \ t l s • t ' " i r ) c < place 

where the white streaks of c- v c i < i , ' tr ^ e * 

S, inferior poduncle ofthe u n. a . - ' r 'onn body , 4, -taiculus gracilis, above 

this is the calamus scriptorius, 5, superior peduncle of cerebellum, 6, 6, fillet to the sido of the 
crura cerebri , 7, 7, lateral grooves of the podunculi cerebri , 8, corpora quadrigomina (From 
bappey, after Hirschfeld and Levoillc ) 


anangement of the white matter on section has given use to the 
name cm do? vitcc Besides the giey substance on the suiface, theie 
are, m the centie of the white substance of each hemispheie, small 
masses of grey matter, the hugest of which, called the corpus dmtatum 
(fig 240 , cd), resembles veiy closely the corpus dentatum of the 
olivary body m appeal ance Othei important nuclei are the nuclei 
globosus and embolipour, which aie more centrally placed and 
which aie connected with the rubio-spmal tract 
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In a section through the ceiebellar cortex the following layers can be seen 
Underneath the pia mater is the external layer of grey mattei , it is formed 
chiefly of fine nerve fibres with small nerve-cells scattered through it Into its 
outer part, processes of pia mater pass vertically , these convey blood-vessels 



Fig 240 —Outline sketch of a section of the cerebellum, showing the corpus dentatum The section 
has been earned through the left lateral part of the pons, so as to divide the superior peduncle and 
pass nearly through the middle of the left cerebellar hemisphere The olivary body has also been 
divided longitudinally so as to expose in section its corpus dentatum cr , Pedunculus cerebn , /, 
fillet, g, corpora quadrigennna , sp, superior peduncle of the corebellum divided, mp , middle 
peduncle ox lateral part of the pons Varolii, with fibres passing from it into the white stem , av, 
continuation of t v e ^ *** s^rr ^ towards the arbor vitse of the folia , cd, corpus dentatum , 
o, olivary body vt & o~' 3 ^ n p, pyramid. (Allen Thomson ) § 

There are also here numerous long tapering neuroglia-cells The internal or 
granular layer of grey matter is made up of a large number of small nerve-cells 
mixed with a few larger ones, and some neuroglia-cells Between the two layers 

I. II 


e 



Fig 241 —Section of cerebellar cortex, stained by Golgi s method , I taken across the lamina , II m 
the direction of the lamina, a, outer or molecular layer, b, inner or granular layer, o, white 
matter a, Cell of Purkmje , &, small cells of inner layer , c, dendrons of these cells , d, axis 
cylmder process of one of these cells becoming longitudinal m the outer layer , e, bifurcation of one 
of these , g, a similar cell lying m the white matter (Ramon y Cajal ) 

is an incomplete stratum of large flask-shaped cells, called the cells of Purbnje 
Each of these gives off from its base a process which becomes the axon of one of 
the medullated fibres of the white matter , the neck of the flask passing m the 
opposite direction breaks up into dendrites which pass into the external layer of 
grey matter and which spread out m planes transverse to the direction of the 
lamellae of the organ (fig 241) 
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Each cell of Purkinje is further invested by arborisations of two sets of nerve- 
fibres One of these (originating fiom the fibres of the white matter which are not 
continuous as axis cylinders from the cells of Purkinje) forms a basket-work round 
the dendrons , the other (originating as axis-cylinder processes from the nerve-cells 
of the external layer) forms a felt-work of fibrils round the body of the cell 

The cells of the internal layer of grey matter are small , their dendrites inter- 
mingle with those of neighbouring cells , their axons penetrate into the external 
layer, but their final destination is uncertain Ramifying among these cells are 
fibres characterised by possessing bunches of short branches at intervals (moss- 
fibres of Cajal) 

The peduncles of the cerebellum are three in number — supenor, 
middle, and inferior, they serve to connect the ceiebellum with 
other parts of the nervous system 

The wfenor 'peduncle , or restifoim body, is composed of ascending 
fibres which pass into it — (1) from the cerebellar tracts of the 
same side (dot, fig 242), and (2) fiom the olivaiy nucleus of the 
opposite side, (3) fiom the nucleus giacilis and nucleus cuneatus 
of both sides (external and posterior aicuate fibres), (4) fiom the 
vestibular nerve, or from the nuclei m which it tei inmates m the pons 
The middle peduncle is formed of fibres (mp, fig 242), which 
originate from the cells of the nucleus pontis they pass fiom one 
side of the pons to the opposite ceiebellai hemisphere 

The supe'i io? peduncle consists of (1) the axons (sp, fig 242) of 
the cells of the nucleus dentatus and (2) fibres of the mdiiect spino- 
cerebellar tiact (g T , fig 242) The axons arising from the nucleus 
dentatus decussate m the mid-biam with those of the opposite side, 
give off descending branches which terminate m the nucleus of Deiteis, 
and furnish collaterals to the led nucleus and third nerve nucleus , 
they are then continued upwards to the optic thalamus Fiom the red 
nucleus the rubio-spmal tract (m b , fig 242) arises decussates with its 
fellow m the mid-biam, and descends to the spinal cord Fiom the 
optic thalamus a relay of fibies passes to the cerebral cortex 

Thus it will be seen that each half of the cerebellum receives 
impulses fiom the joints and muscles, mainly from the same side, 
via the spmo-cerebellar tracts , from the labyrinth by means of the 
vestibular nerve of the same side, and from the cciebral coitex of 
the opposite side through the fionto-pontme tract and the nucleus 
pontis Since the axons of the Puilanje cells of the ceiebellai cortex 
(p , fig 242) end m the nucleus dentatus, the axons of which form a 
large part of the superior peduncle, one hemisphere of the ceiebellum 
furnishes efferent impulses to the opposite cerebial hemisphere via 
the optic thalamus and to the same side of the spinal coicl through 
the rubro-spmal tract, the impulses to the spinal cord must therefore 
cross the middle line twice The cerebellum, through its supenoi 
peduncle also gives impulses to the thud nei ve nucleus , the important 
part played by the ceiebellum m the co-oidmation of eye-movements 
is thus leadily understood 
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STRUCTURE OF THE CEREBRUM 

The cerebium consists of two halves, called cerebral hemispheres, 
separated by a deep longitudinal fissuie and connected by a large 



Fig 24S —Dissection of brain, from above, (xposnifc, tlio lateral, fourth, and fifth [cavum sepbi 
pellucidi] ventricles with tho surrounding parts £ —a, anterior part, or genu of corpus callosum , 
b , caudate nucleus, V, tho caudate nuchus of left side, dissected so as to expose its grey sub 
stance, c, points by a line to the stria terminalis , d, thalamus, e, columns of fornix divided, 
below they are scon descending in front of the third ventricle, and between them is seen part of 
the anterior commissure , m front of tho lottor c is soon tho slit like fifth ventricle, between the 
two lamina of the septum pellucidum , /, massa intormcdia , g is placed m the posterior part 
of the third ventricle , immediately boliind the latter are tho posterior commissure ( iust visible) 
and 44 e p ff 1 **** b 44 “ * ** c- ra of winch extend forwards along tho inner and upper margins 
of • >, c - > , c corpora quadrigenuna , b, superior crus of cerebellum , close to 

fcii < n n i" 1 - i - *», which has been divided so as to expose the fourth ventricle, l, 
h ppocampns ar^ corpus flmbriatum, or tama hippocampi, m, calcar avis, n, emmentia colla 
terali-, , o four 1 a von 1 ' 1 ' < ^ surface of medulla oblongata, r, section of cerebellum , 

s, upper part of loft < - < < - bcllum exposed by the removal of part of the posterior 

cerebral lobe (Hirschfeld and Lo\eillc ) 

band of txans verse commissuial fibies known as the corpus callosum 
The m tenor of each hemisphere contains a cavity of complicated 
m X 2 
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shape, called the lateral ventricle , the lateial ventricles open into the 
third ventucle (fig 243) 

Each hemisphere is covered with grey mattei, which passes down 
into the fissuies This surface giey matter is called the cerebral 
cortex It vanes in amount chiectly with the amount of convolution 
of the suiface Under it white matter is situated, and at the 
base there aie masses of giey matter These masses consist of the 
thalamus and the basal ganglia, of which the most important are 
the lentiform 01 lenticular nucleus and the caudate nucleus, which 
togethei f oim the corpus str mturn 



Fig 244 —Vertical section through the cerebrum aud basal ganglia to show the relations of the latter 
co , Cerebral convolutions, ce., O'— s or^csum, vl , lateral ventricle, /, fornix, vIII , third 
ventricle, n c., caudate nucleus, - ■> nl , lentiform nucleus , cl , internal capsule , cl , 

claustrum , ce, external capsule , m, corpus mammilla’' ' ** tt, stria termmalis > 

ti a , nucleus amygdalae , m, massa intermedia, co i , 1 1 u* \ (Schwalbe ) 


The relationship of these parts rs best seen rn a vertrcal sectron , 
such as is represented m figuie 244 

On the floor of the lateral ventricle is seen the thalamus (th ), 
and the tail end of the nucleus caudatus (nc), the section being 
taken somewhat posteriorly The nucleus lentiformis is marked nl , 
and the band of white fibres passing up between it and the thalamus 
is called the internal capsule (ci) : the narrow piece of white matter 
between the claustrum and the lentiform nucleus is called the external 
capsule (ce) 

Eor the student of medicine the internal capsule is one of the 
most important pai fcs of the bram 

The importance of the internal capsule is rendered evident when 
one considers the blood supply of these parts , at the anterior and 
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postenoi pci f '01 a ted spots, numeious small blood-vessels entei for the 
supply of the basal ganglia, tlieso aie liable to become diseased, 
and if they i upturn, apoplexy 01 sfiolc, -with paialysis if not death, 
is the lesult This is dealt with fuithci in lelation to out study of 
voluntaiy nioveinent 

Pig 245 represents a, homontal view tlnough the hemisphere 
The internal capsule (r) at the point* makes a bend called the genu 



Fio 215 —Diagram to show tlm count (tiun of Mm frontal anti occipital lobes with the cerebellum, etc 
The dotted lines passing in the nustn (i or ), outside tho motor libros, indicate tho connection 
batmen the limporo ompital lobe and tho torobfllum l o , The i’ronto cerebellar fibres, which 
pans antniurly to the mol or Mai t in the crusta , i i , llbris from tho caudate nucleus to the pons 
ir , frontal lobo, Oc , * 11 * a m ding frontal, ai , ascending parietal convolutions, 

c ’ rw o 1 4 h“< ti i t v s, frontal < (involution , pr, llssurc of ltolando , ipi , 

r s - A sis turn of Mio pc dunculns is lettered on tho loft side s n , Substantia 
' b -l , \ , t i motor fibres, which on the ” 1 4 ) «s ( c i 4 n « linos converging to 

pass tiro ’j-h 1 lit posterior limb of i < , intirnal < i i*. j 1 * i u. of which is shown 

tin *) no vnw n is through tho pmiH to cross at t < i i ' ^ u il decussation Ipt, 
Crossed pyramidal tnn t , apt, direct pyramidal tract (Gowers ) 


oi knee, behind winch the motox-f lines and, moic posteriorly still, 
the sensoiy~fi hi oh pass Some of the connections between ceiebium 
and cerebellum axe also indicated 


The Convolutions of the Cerebrum 

The sui face of the brain is maiked by a gieat number of clepies- 
sions which are called Jtssvrcs 01 ,s uln, and it is this folding of the 
surface that enables a very lax go amount of the precious material 
called the giey matter of the coxtex to be packed within the narrow 
compass of the cranium In the lowest vertebrates the surface of 
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the biain is smooth, but going highei in the animal scale the fissures 
make their appearance, leaching their gieatest degiee of complexity 
m the highei apes and in man 




Fig 246 


A Cerebral hemisphere of adult Macacque monkey 
B Cerebral hemisphere of child shortly before birth 

The two brains are very much alike, but the growth forwards of the frontal lobes even at this early 
stage of development of the human brain is quite well seen S, fissure of Sylvius , R, fissure of 
Rolando 


In an early embryonic stage of the human foetus the brain is also 
smooth, but as development progresses the sulci appear, until the 
climax is reached in the bram of the adult 



Fig 247 —Bram of the orang, $ natural size, showing the arrangement of the convolutions Sy, fissure 
of Sylvius , E, fissure of Rolando , EP, external parieto occipital fissure , 01 f, olfactory lobe , 
Ob , cerebellum, PV, pons, MO } medulla oblongata As contrasted with the human brain, the 
frontal lobe is short and small, the fissure of Sylvius is oblique, the temporo sphenoidal lobe 
prominent, and the external parieto occipital fissure very well marked Note also the bend or 
genu m the Rolandic fissure , this is found m all anthropoid apes 


The above figure (fig 246), comparing the bram of one of the 
lower monkeys with that of the child shortly before birth, shows the 
close family likeness m the two cases 
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Fig 247 gives a representation of the In am of one of the higher 
monkoys, the orang-outang, wluno tlioie is an mtoi mediate condition 
of complexity by which we aio led to the human biain 

Tho sulci, which make then appcaiance hist, both m the annual 
scale and m the development of the human foetus, aie the same 
They remain m the adult a, a the deepest and best-maiked sulci, they 
are called the jrnmen y Jiwius or avia, and they divide the biam into 
lobes, the lemanung sulci, called tho secondary fissuics or sulci, 
fuithei subdivide each lobe into convolutions 01 gyn 

On the outei suiface of tho human hennspheie the primary 
fissures aie — 

1 The fisstne of Sylvius , this divides into two rami, the posterior 
of which is tho larger, and runs backwaids and upwards , the anterior 



Fin UH — con lira! outer surface 


ramus passes fm winds and usually divides into two limbs which 
enclose between them the pars taianguluns of the inferior fiontal 
gyrus 

2 The jihsma of Jlohnuio (the coni ml jcsmie) runs from about 
the middle of tho top of the hennspheie (tig 248), downwards and 
f 01 wauls 

3 The exte t nal jun icfo-ou tjntal jlmue (car oo F ) is parallel to the 
fissuie of Rolando, but mote postenor and much slioitei , m monkeys 
it is longer (see fig 247), as it is not intei ritpled by annectent gyu 

These tlnee fissures divide tho biam into live lobes — 

1 The frontal lobe , m fiont of the fissure of Rolando 

2 The total lobe , between the fissuie of Rolando and the 
lateral part of tho paueto-oeeipital fissure 

3 The ovcqntal lobe , behind tho paueto-oeeipital fissure 

4 The tc}}vj)QU)-sj)h(,noahd lube , below the fissuie of Sylvius 

5 The %s land oj lied oi ms ala 
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In addition to these theie is the hippocampal or hmbic lobe on 
the inner aspect 

It will be noticed that the names of the lobes correspond to those 
of the bones of the cranial vault which cover them 

Each lobe is divided into convolutions by secondary fissures which 
are pimcipally of anatomical interest 


The White Matter of the Cerebrum 

The white matter of the cerebrum, like white matter elsewhere, is 
made up of medullated nerve-fibres According to the direction of 



Fig 249 —Lateral view of a human hemisphere, showing the mam bundles of association fibres (Starr) 
A, A, between adjacent convolutions*, B, between -frontal and occipital areas , 0, between frontal 
a"" 1 ,L r- (cingulum), D, between frontal and temporal areas (fasciculus uncmatus), E, 

' ~ a -hc ind temporal areas (fasciculus longitudmalis inferior) , C N , caudate nucleus , 
Ol . T 3 


the fibres, they may be divided mto three principal groups (see figs 
249 and 250) — 

1 Association fibres — These pass from convolution to convolution 

2 Commissural fibres — These pass by the commissures of the 
brain, of which the most important is the corpus callosum, so as to 
link the convolutions of one hemisphere with the corresponding 
convolutions m the opposite hemisphere, where they terminate in 
arborisations (synapses) round the cells of the grey cortex 

3 Projection fibres — These are the fibres which run more or 
less vertically and link the cerebrum to the lower poitions of the 
central nervous system They may be divided mto the efferent and 
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afferent systems which are composed of fibies which convey impulses 
from and to the cortex respectively These can best Ire studied from 
figs 249 and 250 


Histological Structure of the Cerebral Cortex 

The cortex may be divided into five pi miaiy laminae (fig 251) — 
1 The outei fifoe lai/ci oi supci fie;ud lamina — The fibres are 
largely derived fioin tho dendions of the cells of the next layer and 



Fig 250 —Diagram of tho projection fibres witlun tlio brim (istari) A, trict from the frontal gyn to 
tlio pons nuclei and so to the cerolxllum, li, motor pyramidal tract, 0, scnsoiy trict for touch, 
D, visual tract or visual null it ion, lb, audituiy tract or auditory radiation, F, G, H, superior, 
middle, and inferior urehellar podmults, f, tibris between the auditoiy nucleus and the inferior 
corpus fji adrigen i nn, h, mot 01 d« mssation m the bulb, F, V, fouith vontriclo The numerals 
refer to the u t «r l 1 usrvts The sensory radial ions aro seen to ho massed towards the occipital 
end of the hemisphere 


many are afferent Hines fioni the white mattci The nerve-cells 
(F m fig 252) mteimmgled with these aie branched, and have seveial 
processes which he horizontally beneath the suiface (tangential fibres) 
There are doubtless association units linking the incoming afferent 
neuiones to those winch aie motor Neuioglia cells aie also piesent 
2 %The\ outer tell lamma — The cells aie seveial deep, and the 
largest are situated most deeply Each of these has an apical process 
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running to the surface, where the blanches run tangentially The 
lateral processes are also blanched dendrons The axon originates 
from the base The layer of small pyramids increases m depth as 
we ascend the annual scale , thus it is poorly developed m Insectivora, 



Fig 251 —The layers of the cortical grey 
matter of the cerebrum (Meynert ) 



Fig 252 —Principal types of cells m the 
cerebral cortex 

A, medium sized pyramidal cell of the 
second layer 

B, large pyramidal cell 

C, polymorphic cell 

D, cell of which the axis cylinder process is 

ascending 

E, neuroglia cell 

F, cell of the first layei, forming an mtei 

mediate cell station between sensory 
fibres and motor cells Notice the 
tangential direction of the nerve 
fibres 

G-, sensory fibre from the white matter 
H, white matter 

I, collateral of the white matter (Ramon 
y Cajal ) 


and shows an increasing degree of development m Kodentia, Ungulata 
and Carnivora The maximum thickness is reached m man Embry o- 
logically, this is the latest layer to develop, reaching its zenith after 
birth The cells of this layer are believed to be association units 
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subserving the highoi iuent.il plot esses It is gicatly developed m 
the fiont.il and }iai iet.il legions wheie the highest associations aie 
believed to occui 

3 The, vtuhUo uU /(tumid (nunibeiod 4 m figuie 251) This 

consists of small cells called t/nnut/c? This layei is a distinguishing 
maik of son soi y mens, and is politically absent m the pie-Eolandic 
oi motoi convolutions 

4 The 'i nun Jtlnn hn/n — In ceitam legions of the cortex this 
contains the giant pyinmids oi ISeLz cells, winch are chaiac tens tic 
of the motoi aieas In tho visual coitex the so-called solitaiy cells 
of Meyneit am piesent heie 



Fio —Ilnttmti (*u)#i s method Low power (Mott) 


5 Tho inner fell lamina a) jmlymoiphic layei — These aie small 
scatteied ce 11s, many of a i'usiionn shape Ooitaiu cells send their 
axons vertically towaids the mu face (cells of Maitmotti) In the 
island of Ueil this layer is hypeita opined, and ns separated fiom the 
lest of the gioy matter hy a stratum of white iibies, it is known 
then as the tlmNntm It is the lust layei to appeal and is almost 
fully developed at hath 

Neive-f lines pass m vertical stieaks through the deeper layers of 
the grey mattei , some of these aie axons conveying impulses down- 
wards, others are sensoiy m function and carry impulses upwards 
Some strands he parallel to the suifacc of the cortex, this is 
specially noticeable m the layers wo have numbeied 1 and 4 In 
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the portion of the occipital lobe which is the visual sphere, the 
grannie layer (No 3), which is so specially characteristic of sensory 
function, is of gieat depth and is divided into two by the optic 
ladiation running horizontally, which constitutes the white line of 
Gennai i 

The functions of the cell layers have been suggested by the 
degree to which each is developed m the different regions (Lewis 
and Clarke, 1878) and m different animals by the order of their 
development and by the mental capacity of those individuals in 
whom the layeis are defective 

Bolton regards the inner lamina as the fundamental cell layer, the 



Fig 254. — Human cerebral cortex, showing a Betz cell or giant pyramid , Golgi’s method. 
High power (Mott ) 


others being formed from it from within outwards, in both embryonic 
and historical development Defect of development of the outer layers 
leads to various forms of amentia (inborn lack of mental develop- 
ment, or idiocy), m dementia (degenerative mental change coming 
on later m life) there are retrograde changes m the upper layers of 
cells The inner cell layer is probably concerned with the perform- 
ance of organic and instinctive activities, and theie is but little 
diffeience seen here between man, monkey, and dog The middle 
cell lam in a may be considered to be concerned with the reception 
and transformation of afferent impulses The outei cell lamina, on 
the other hand, is concerned with the intellectual or associations! 
functions 
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In the hippocampal mpon the oor t,o\ is snujiltn m structure 
than elsowheio Ifmo only the mnoi and middle cell laminae are 
represented The pyramids are reduced to a single layei, hut the 
granular or sensory layer is well marked, .is is the plexiform layei 
which m theanteuoi paitol the hippocampal gyms contains islets 
or nests of (1) polymorphous colls and (2) small pyramidal cells, each 
typo being eon lined to its own nest This part of the coitex is 
concerned with tin* sense of smell, winch is a primitive sense, and 
is therefore subserved by a primitive type of cortex representing 
the aiohipallnim oi primitive biain 



Fro 25 p » —Diagram of virtual rnutimi through brim of now born child, drawn from one of Floclisigs 
photographs Tho hh t.ion \s is trnitwi by Whim it's method, by wlu< li myolmattd fibres are deeply 
Btiihnd AUmtion is drawn to Dm dn p uludintf mdnatm^ myolmation around tlio central fissure, 
which corr« spinulH to DmHeiisor*} motoi ana, and also mound the < iharmo fissure m the visual 
spluire Tlu assomtion hbns are not myidlnattd The tibns of the pyranmlal oileient system 
have also no mytlm MO, nudulla oidoiu'ata, 1’ V , pons, ()MN, otulo motor nerve, O 0 , 
optic chmsnm, FAC, tionfat assoiiition ont.ro, (’(' corpus tallosum, C F , central fissure, 
or tissure of Holando, i’ At’ , posterior association i outre, Vfc>, visual sphere, 0 , cerebellum, 
S C , spuhil < ord 


Embryology of the Cerebrum in relation to Function 

Fluhsig’s embryologieal method has given us valuable knowledge of the 
structure and iunc turns of the human brain The method depends on the fact that 
various tracts of fibres iueome myc limited, i e , acquire their medullary sheath at 
successive periods of turn* in d< veloprm nt The mytlm sheath appears three or four 
months after tht axis < ylmdt r is formt d The W< igert method of staining renders 
the detection of a medullary sheath an * isy task, Flee hsig’s method is m short the 
compleiw nt of the Widlermn method In the former m< thod the tracts are isolated 
bv the differ* nets m Uu origin of t h< myt lm sh< ath , m the latter method, the same 
object is obtained In observing the degeneration which is most noticeable m the 
same she ath 

In the central nervous system, the ufftri nt projection fibres arc myelinated first, 
the efferent projection hbrt s and tht assomtion fibres are myelinated later Thus 
in the human foetus the peupht ral nt rvt s and nerve -roots become myelinated in the 
fifth month of intra-utenw lift , of the trac ts in the c ord, those of Burdach and Goll 
{exoqenom fibres springing from the tills of the spinal ganglia) are the first to be 
myelinated , nc xt come the true ts of Flu hsig (dorsal cerebellar) and of Gowers 
(ventral cerebellar) the se are* entlwjt nvuv fibres springing from cells within the cord 
All these tracts are afferent The pyramidal tracts, the great efferent or motor 
channels, are not myelinated until aftc r birth The whole afferent tract is myelinated 
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at birth, these fibres are m utmo exercised m conveying impressions to the 
afferent reception centres, the stimuli ansing from contact of the foetal integuments 
with the maternal tissues There is also early myelmation round the calcarine 
fissure in the visual sphere, and m connection with the areas related to other special 
senses This is shown m figs 255 and 256, where the condition at birth and that 
some months later are compared 

Ambronn and Held confiiraed Flechsig m finding that the afferent fibres are 
myelinated before the effeient, m the central nervous system, but m the 
nerve-roots this is reversed, the anterior root-fibres being myelinated before the 
posterior 

Held also demonstrated the important influence of stimulus on myelmation 
His experiments were made on cats, dogs, and rabbits, which are born blind If 
light is admitted to one eye by opening the lid, more obvious myelmation is subse- 
quently found m the conespondmg optic neive than in that or the opposite side 
This is not due to the irritation caused by forcibly opening the lid, for if the lid is 
opened and the animal kept in the dark, no difference m the myelmation of the two 

C F 


FA.C 



Fig 256 —Diagram of vertical section of the train of a child 5 months of age The greater part of the 
white matter now shows myelmation, thus indicating development of the association centres The 
letters have the same meaning as in fig 255 (After Flechsig , Weigert method of staining ) 


optic nerves is observable Flechsig also showed that a child born at eight months 
had more marked myelmation of its optic nerves, a month later, than a child born 
m the usual way at the ninth month 

The richness of the bram m myelinated fibres mcreases for many years after 
birth with the progress of intellectual development Kaes states this continues 
up to forty years of age, and that m old age the number diminishes Myelin 
appears to be necessary for the functional activity of nerve tracts, and its 
development progresses pan passu with development of function, the reverse 
change (atrophy and degeneration) correspondingly accompanies marked disturb- 
ances of function 


Flechsig’s Myelogenetic Cortical Fields 

In the cerebral convolutions the fibres become myelinated m a strictly 
regular sequence, some convolutions have their fibres medullated three months 
before birth, while in others complete myelmation has not occurred six months later 
Fibres of equally great importance become medullated at the same time , those of 
primary importance first, and so on In this way, cortical fields can be mapped 
out thirty-six in number Flechsig divided them chronologically into three groups, 
primary , intermediate , and terminal The primary fields, the seats of sensory 
representation, are most darkly shaded m figs 257 and 258 These are also 
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THE NUTRITION OF THE CENTRAL NERVOUS SYSTEM 

The local peculiarities of the circulation through the biam have 
already been descnbed Nowhere else m the body is the maintenance 
of an adequate blood-supply moio impoitant than m the central 
nervous system Deprivation of the aitenal blood-supply leads to 
irrecoveiable death of the cortical nerve-cells m eight minutes, 
the cells of the spinal cord aio somewhat moie resistant (foity-five 
to sixty minutes), temporal y interference with blood-supply to 
the cortex causes faulting, whilst anamna of the bulb is soon 
fatal The stage of depression or coma caused by anoxoemia 
(due to asphyxia 01 ceiebial anaimia) is frequently pieceded by a 
stage of excitation evidenced by convulsions If the circulation is 
xestored m time recovery of function occurs m the following order 
(1) respiratory reflexes, (2) spinal reflexes, (3) cerebral function 
For normal nervous activity to be maintained the blood must also 
have the correct chemical composition , for example, if the peicentage 
of sugar falls below 0 04 per cent, coma ensues, preceded in animals 
by convulsions (see Hypoglycemia, p 508) A use m mtiaciamal 
pressure, by stimulating the vasomotor centie, evokes a maiked 
rise of arterial blood-piessuto Since a laisecl intracranial pressure, 
due to a foreign body such as blood-clot, implies a corresponding 
diminution m the amount of blood m the cranial chamber, it is 
apparent that the rise m arterial piessure is m a sense protective, 
as it causes an increased blood-flow through the brain The brain 
so adapts the circulation that it secures foi itself the optimal blood- 
supply Tn disease, however, the mechanism may no longer act 
beneficially, thus m the case of cerebral hemorrhage the use m the 
blood-pressure tends to cause greater bleeding 

The nervous axis is further m relation with the cerebiospmal 
fluid Whilst the exact role which this fluid plays m connection 
with the nutrition of the nerve- tissue is uncertain, it is conveniently 
discussed here 


The Cerebrospinal Fluid 

The ceiebiospmal fluid is a wateiy fluid (specific gravity about 
1005) which is found m the ventricles of the biam and m the 
ceiebrospmal subarachnoid spaces The fluid is foimed by the 
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choioid plexuses which pioject into the ventricles, it escapes into 
the subarachnoid space through the foramina m the roof of the 
fourth ventricle (foramen of Magendie and foramina of Luschka) 
A choroid plexus is a much-folded piocess of the pia mater, rich m 
blood-vessels, the ventricular aspect of the tufts is covered by 
ependyma modified to foim a glandular epithelium, le , the cells are 
not ciliated, are cuboidal, and often contain vacuoles The pi oof that 
the plexus forms the fluid is threefold (1) there are histological 
changes (swelling of the cells, etc) after excessive foimation of 
cerebrospinal fluid, (2) when the exit from a ventncle, eg the 
foramen of Monro, is blocked, the ventncle distends, if previously 
the choroid plexus of the ventricle is removed no distension occurs 
(Dandy and Blackfan), and (3) fluid has been seen exuding fiom the 
surface of an exposed plexus 

The total quantity of the cerebrospinal fluid m man is perhaps 
about 150 cc Normally it is being slowly foimed and absorbed 
The chief absorption occurs after the fluid has left the ventricles, le , 
while it is m the subarachnoid space, and takes place mainly into 
the blood-stream A smaller fraction is absorbed into the perineural 
lymphatics of the cranial and spinal neives The exact path of 
absorption into the blood-vessels is, according to Weed, through the 
arachnoidal villi which project as blind processes of the arachnoid 
into the sinuses of the dura matei, especially the supenoi longi- 
tudinal In later hfe the arachnoidal villi hypertrophy to form the 
Pacchionian bodies 

The cerebrospinal fluid exerts a ceitam pressuie, about 120 mm 
of water, so that when a cannula is mseited into the cisterna magna 
through the occipito-atlantal ligament oi into the lumbar sac the 
fluid escapes freely at fiist, afterwards more slowly, till finally the 
flow practically ceases 

The fluid contains the crystalloid constituents of the blood- 
plasma, the chlorides aie normally about 0 74 per cent Glucose 
(0 09 per cent ), urea and creatinine are present m small amounts, 
togetbei with a trace of protem(0 02 per cent) The gases resemble 
those of lymph, but the proportion of carbon dioxide which is “ fixed/’ 
'le , which cannot be removed by ebullition m vacuo without addition 
of acid, is gi eater than m lymph, which contains more protein 

The fluid obtained by cistern, or lumbar, puncture is said to be 
slightly richer m piotem than that which fills the ventricles, for 
this and other reasons it is geneially beheved that there is added to 
the subarachnoid fluid a ceitam amount of fluid coming fiom the 
tissue of the brain and spinal cord via the perivascular spaces The 
latter are inward prolongations of the subarachnoid space along the 
vessels which enter the biam at right angles, and communicate with 
the penneuronal spaces around the neive-cells 
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In health the cm obiospmal fluid contains but few cells (lympho- 
cytes), the noimal maximum raiely exceeds 5 pex cubic millimetre 
In meningitis the number of cells is enormously mci eased The few 
cells normally piesent are supposed to be derived from the meningeal 
vessels 

The functions of tins remarkable fluid are not by any means 
settled It obviously affords mechanical protection to the central 
nervous system, and apparently receives such waste pioducts from 
the central nervous system as are not absorbed by the blood-stream 
Moreover, the fluid can to a limited extent be displaced (%e absorbed) 
into the venous sinuses so as to accommodate an increased amount 
of blood m the cranial chamber 

Weed and M c Kibben showed that the intracranial piessuie can 
be profoundly influenced by alterations m the osmotic pressuie of 
the blood , the injection of hypotonic sal mo into a vein raises, while 
the administration of hypei tonic saline lowers the pressure The 
intravenous administration of hypertonic saline is frequently used 
therapeutically to lowei excessive intracranial piessuie 

The fluid can be regarded as an ideal Ringer -Locke solution m 
close relationship with the nerve-tissue Dixon and Halliburton 
found that injection of extract of brain 01 choroid plexus into a 
vein, or inhalation of carbon dioxide, caused an increased flow of 
cerebrospinal fluid , they suggested that the amount of fluid formed 
was perhaps controlled by the quantity of waste pioducts pioduced 
by the brain Pilocarpine is said to increase the foimation of 
cerebrospinal fluid 

Substances introduced into the fluid leadily pass into the blood, 
but the converse does not hold, for the choroid plexus permits the 
passage of certain substances only It is notowoithy that alcohol 
readily enters the cerebrospinal fluid fiom the blood 
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THE KEFLEX ACTIVITIES OF THE ANIMAL 

The function of a neivous system, howevei simple or however 
complicated, ib to adjust the activities of the animal within itself 
and towaids its environment It is the function of the central 
nervous system to xeceive impulses by means of the afferent nerves, 
to con elate them, and to send out appiopnate stimuli by the efferent 
nerves to the various parts of the body 

A largo amount of this adjustment takes place without conscious 
effort and is purely automatic or leflex We may indeed look upon 
the reflex as being the physiological unit of the nervous system 
A reflex may be defined as the response by an effector organ to a 
stimulus received by a receptor and transmitted by a conductor 
which is it, self incapable of the end-effect 

In considering the neivous system of an animal from this point 
of view, we aie reminded of that of a simple segmented animal, such 
as a ciustacean, where it is evident that, while each segment has a 
considerable degree of local conti ol, by means of connecting fibres 
the vanous segments may act m unison foi the benefit of the animal 
A very smnlai, but nioie elaborate mechanism is seen m the higher 
animals, and it will be seen that each part of the nervous system 
exercises a oeitam degree of local conti ol, yet is connected and acts 
when necessary with the higher paits of the system 

Before studying reflex action m detail it is convenient to consider 
briefly the functions of the spinal coid and its roots As would be 
expected from what has been said above, the spinal cord connects 
together different paits of the neivous system and at the same time 
is a centre for local control or reflex action 


The Functions of Spinal Cord 

These functions will be considered in moie detail latei and need 
only be summarised at this stage 

As an organ of conduction the spinal cord carnes impulses to 
and from the brain, some of which aie related to conscious activity 
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and otheis to moxe automatic 01 leflex activities of the body, such as 
the maintenance of postuie The actual pathways concerned have 
alieady been described 

In addition, the association tracts link together various levels 
of the cord and bring about co-ordination of activity between different 
levels of the body 

As a reflex centre the cord bungs about a considerable coi rela- 
tion of the activities of the animal For the most part these are 
concerned with the protection of the animal, with movements, such 
as walking, and with the control of the excretory mechanism of the 
bladder and lectum The actual reflexes are dealt with m detail 
below 

Functions of the Roots of the Spinal Nerves 


Each spinal neive we have seen originates from the spinal 
cord by two roots The anterior or ventral root consists of nerve- 

fibres which originate from 
V the large multipolar cells 

v m that portion of the grey 

NOs matter m the interior of 

Nv . the spinal cord which we 

/ ^ n call the anterior horn These 

yOs r nerve-fibies are all medul- 

\ the large ones join up 

) with the posterior root to 
I form the spinal nerve , the 

\l small nerve-fibies leave the 

\ root and pass to the sym- 

\v R pathetic cham, which then 

distributes non-medullated 
fibres to the involuntary 
\ muscles of the blood-vessels 

Fig 259 —A, Bipolar cell from spinal ganglion of a 4 and Viscera 
weeks embryo , n y nucleus , the arrows indicate the 

direction in which the nerve processes grow, one to Ihe other TOOt, the posterior 

fha o-ninol Anivl -Hi a n-kViA-i, +n +Via mnKinlinim *o _ _ . •*- 


Fig 259 —A, Bipolar cell from spinal ganglion of a 4 and Viscera 
weeks embryo , n y nucleus , the arrows indicate the 

direction in which the nerve processes grow, one to Ihe other TOOt, the posterior 

the spinal cord, the other to the periphery B,a j r , x , 

cell from the spinal ganglion of the adult, the Or CLOrSaL TOOt, has Upon it a 

juncuon CeS (Dlagramm£^xc! S ) e ^ ^ onn & s ^ a ^ ei ^ collection of nerve - cells 

forming the spinal ganglion 
Each nerve-cell is enclosed within a nucleated sheath of connective- 


tissue, and it is from these neive-cells that the fibres of the posterior 
roots grow In the embryo, each nerve-cell has two processes (fig 
259, A), one of which grows to the spinal cord, where it terminates 
by branching round the multipolar cells of the giey matter , the 
other process glows outwaids to the peuphery In the adult 
mammal (not in fishes) the two processes coalesce in the first part 
of their qourse, forming a T -shaped junction (fig 259, B) 
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The gieat discoveiy that the anterior roots are motor and the 
postenoi sensoiy is usually attributed to Sn Charles Bell (1811), 
but an examination of his wiitmgs shows that the deductions he 
drew were mcoirect It was Magendie (1822) who solved this 
fundamental pioblem, and Heibeit Mayo, the fiist Professor ot 
Physiology at King's College, London, who elucidated similar facts 
m relation to the cerebral nerves winch supply motion and sensation 
in the face region Magendie found 
that on section of the anterior roots 
there was paralysis of the muscles 
supplied by the neives , on section of -g 
the posterior roots there was loss of <§ 
sensation These expenments clearly *5 
pointed to the conclusion that the | 
anterior roots contain the efferent °° 

(motor) fibres, and the posterior roots 
the afferent (sensory) fibres This con- 
clusion was confirmed by the experi- 
ment of stimulation Stimulation of 
the peripheral end of the cut anterior 
root caused muscular movement , of FlQ 200 “"f e Shty° rocurrent 

the central end, no effect Stimulation 

of the central end of the cut posterior root caused pain and reflex 
movements , of the peripheral end, no effect on voluntary muscle 

The latter causes vascular dilatation (see Autonomic Nervous System) 

Recun ent sensibility — One of the statements just made requires a slight 
modification, namely, that excitation of the peripheral end of a divided anterior 
root will evoke pain and what are known as reflex movements, as well as direct 
movements, that is to say, the anterior root, though composed mainly of motor 
fibres, contains a few sensory fibres coming from the membranes of the spmal 
cord, and then running into the posterior root with the rest of the sensory fibres 
They often, however, run down the mixed nerve a considerable distance before 
returning to the posterior roots 

The preceding diagram (fig 260) illustrates the course of one of these recurrent 
fibres (r), the arrows repiesent the direction in which it conveys impulses 

Reflexes 

Reflexes may be classified according to the stimuli which produce 
them — 

1 Proprioceptive from stimuli which arise id muscles oi sense 

organs affected by the position of the body , 

2 Pnteroceptive from stimuli originating m the viscera , 

3 Ext erocephve from stimuli ai ising m the ex ternal environment , 

4 Mocioceptive from harmful or painful stimuli , 

but m a consideration of the neivous system as a whole, we may 
conveniently deal with them as they involve increasing amounts of 
the nervous system 

Y 
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The simplest form of reflex activity known is the axon reflex, 
which is concerned with the piotection of the skin If an irritant, 
eg, a mustard blister 01 croton oil, is applied to the skin, a 
reddening due to dilatation of blood-vessels is produced If the 
nerve-supply is cut, as is sometimes done by surgeons to relieve pain, 
eg in neuralgia of the 5th nerve, the reddening on application of the 
irritant can be obtained for a few days but is no longer possible 
after the penpheral fibres have degenerated This demonstrates the 
dependence of the action on a local nervous mechanism, apparently 
m the penpheral part of the axon the axon appears to divide, 
giving a bianch to the skin and another to the wall of a blood- 
vessel It may be, however, that the sensory impulse somehow 
passes to vasodilator fibres which we know are distributed from 
the sensory posterior nerve-roots 


The Spinal Reflexes 

The spinal reflex is the simplest form of reflex involving the 
central nervous system It depends on the co-operation of a 
receptor organ, an afferent sensory nerve, a system of nerve-cells 
m the spinal cord, an efferent motor nerve, and an effector organ, 
the whole constituting the reflex arc (figs 261 and 262) 

The reflex activities of the spinal cord may be studied m a 
spinal animal , u an animal in which the biam has been destroyed 
or the spinal cord cut across in the cervical region In the case of 
a mammal artificial respiration is necessary since the respiratory 
centre is cut off, unless the section is made below the origin of the 
phrenic nerves 

A mammal so operated upon, after a longei period of shock has 
passed off, assumes a characteristic position of flexion , it cuils up 
If a limb is pinched or pricked it is at once withdrawn (flexion 
withdrawal reflex) This is obviously a defence reflex to remove 
the hmb from the injuring force or noxious stimulus Sometimes the 
stimulus throws the whole animal into extreme flexion (mass leflex) 
Similar reflexes may be seen m man The flexion withdrawal 
leflex is seen in ordinary sleep It is also obtained m individuals 
suffering from paralysis due to injury to pyramidal tracts and who 
may be unable to move the part voluntarily 

After destruction of the brain of a frog the shock of the operation 
renders the animal for a variable time motionless and irresponsive 
to stimuli, but later on it gradually assumes a position which differs 
but little from that of a conscious annual If thrown into water 
it will swim , if placed on a slanting board it will crawl up (Goltz) 
if stroked on the flanks it will croak (Goltz), if it is laid on its 
back, and a small piece of blottmg-paper moistened with acid is 
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placed on the skin, it will geneially succeed m kicking it off, if a 



SPINAL 

GANGLION 



Fxa 262 —Diagram of a spinal reflox arc A C C , an anterior cornual cell giving rise to a motor 
fibro which forms part of a mixod spinal nerve and is distributed to muscle V m From the skm 
is shown a post^io- root tlbre which passes to a spinal ganglion (a cell of which nourishes it) and 
thence by d p no*, c-ior root to the postenor horn The intermediate neurone between the 
anterior and posterior horns is seen m fig i61 


foot is pinched it will diaw the foot away , if left perfectly quiet it 
lemams motionless 
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The Properties and Characteristics of Reflex Arcs 

Reflex axes have ceitam chaxactenstxcs which may be seen m the 
study of the spinal reflex These are of importance, as there is 
reason to believe that similar character sties are exemplified m 
higher arcs also Onr knowledge of this subject we owe largely 
to the school of Sheri mgton at Oxford 

Resistance — If the time which a reflex ought to take be 
calculated from our knowledge of the rate of the nerve impulse 
as conducted by nerve-fibies, it is found that the actual time taken 
is appreciably longer This extra time 01 reduced reflex time has 
presumably been spent m traversing the central nervous system and 
especially in passing across the synapses or junctions between one 
neurone and another It has been calculated that the time lost at 
a synapse is 0 002 sec The evidence of the existence of these 
synapses, it must be understood, depends less on histological than on 
physiological evidence, from experiments we have very definite 
evidence that they im part to a reflex many of its chaiacteristic 
properties 

Effect of Repetition of Stimulus — Once a reflex has been 
produced it is found that it becomes, up to a point, increasingly easy 
to elicit the reflex, and the reduced reflex time becomes lessened 
This is known as facilitation This fact is of obvious importance 
m relation to mciease of skill m various manual occupations 
Beyond this pomt, however, fatigue may readily set m This must 
occur on the afferent side of the arc at the synapse, since nerve 
is not fatiguable m the ordinary sense , it is found that when fatigue 
is piesent and a reflex can no longer be elicited, the muscle concerned 
can still be made to contract through its nerve or through another 
afferent nerve Fatigue of a spinal reflex appeals to be recovered 
from with remarkable speed, provided the blood circulation is 
good 

Summation — Although a stimulus may be insufficiently strong 
to elicit a response, the repetition of the stimulus may be effective 
The fact suggests that there is m the synapse something of the 
nature of supranormal phase (see Nerve), during which there is a 
temporary diminution of the synaptic resistance It may be possible 
also to bring about a response with two sepaiate stimuli, each of 
which is insufficient , or, if each is sufficient, the total effect will be 
greater than with each independently 

Summation of chemical stimuli is well illustrated by Turck's 
method If a number of beakers of water are prepared, acidulated 
with 1, 2, 4, etc, parts of sulphuric acid per 1000, and the tips 
of a frog's toes are immersed m the weakest, the frog at first 
takes no notice, but m time the cumulation or summation of the 
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sensoiy impulses causes the animal to withdiaw its feet If this is 
repeated with the strongei liquids m succession, the time that 
intei venes befoie the muscles lespond becomes less and less This 
method also selves to test leflex liiitability when the fiog is under 
the influence of various diugs 

Dependence on Oxygen — We have noted that fatigue may 
set m if a stimulus is too often repeated If, however, the 
oxygen supply is deficient, fatigue more readily sets m 
Synapses are apparently particularly sensitive to the effects of 
oxygen-want A fall of blood - pi essure maikedly depiesses the 
reflexes, which disappear m man when the mean arterial pressuie 
drops below 50 mm Hg It is possible that the height of the 
blood-pressure is of considerable importance m relation to nervous 
activity, but it is extremely difficult to obtain definite data on 
this point 

Spread — The effect of a given stimulus which is capable of 
evoking a reflex depends veiy laigely on its strength A lelatively 
weak stimulus may cause a simple response confined to one limb, 
but a stionger stimulus may spiead not only to the opposite side 
but also to the adjacent segments of the cord, bringing about a 
generalised movement It appears likely that m the first instance 
the afferent impulses take the easiest path, which suggests that 
the resistance of the synapses m the vanous paths may vary 
appreciably, It is considered that such a grading of synapses 
may play an impoitant part m the general activity of the nervous 
system 

Local Sign — If a portion of the body be stimulated, e g , the 
flank pinched, it is observed that the leflex is definitely purposeful 
and the movement is dnected towards the removal of the stimulation 

Irreversibility of Conduction — We have noted that a nerve 
impulse may be carried ni both directions along a nerve In a leflex 
arc the impulse can go m one direction only 

Inhibition — One reflex can inhibit another, the reflex more 
important for the welfare of the animal predominating Thus if m 
the spinal dog, the scratch reflex (see p 699) be initiated by gentle 
stimulation of the skin of the shoulder, and then a harmful stimulus 
be applied to the pad of the hind paw, the scratch reflex is 
immediately mtenupted and the foot withdrawn by means of 
the flexor leflex Another example of inhibition is seen m the 
reciprocal action of antagonistic muscles (see below) 

The Nature of the Reflex Response — If a motor neive is 
stimulated by a single shock the lesultmg lesponse is a muscular 
twitch of short duiation, but that which follows a sensory stimulus 
is of the nature of a tetanus, % e the stimulus sets up not a single 
contraction but a senes of fused contractions, which may be demon- 
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strated by recording the electrical changes m the effector muscle 
It is seen also that use of the contraction is not abrupt like that 
of the twitch but gradual It should perhaps be added that m 
order to demonstiate such rapid changes it is necessary to use a 
photographic recordmg system as the inertia of an ordinary lever 
system is too great The movement or other activity produced 
reflexly does not cease directly the stimulus is removed, but 
contmues for a time after cessation of stimulation This phenomenon 
is called after-discharge, and is one of the most striking features of 
reflex action 

If during tonic contraction an inhibitory afferent nerve is 
stimulated, the contiaction at once becomes less, but the muscle 
again contracts the moment the inhibitory stimulus is removed, 
often to a laigei extent than before This is known as relound , but 
is a very variable phenomenon 

Reflex Action in Man 

Superficial Reflexes — These are ob tamed by a gentle stimula- 
tion, such as a touch on the skin, the muscles beneath are usually 
affected, but muscles at a distance may be affected also, for example 
a Gluteal reflex a contiaction in the gluteus when the skin 
over it is stimulated 

b Cremasteric reflex a retraction of the testicle when the skin on 
the inner side of the thigh is stimulated 

c Abdominal reflex a contraction of the muscles of the 
abdominal wall when the skm over the side of the abdomen is 
stroked , the upper part of this reflex is a very definite contraction 
at the epigastrium, and has been termed the epigastric reflex 

d. A series of similar reflex actions may be obtamed m the muscles 
of the back, the highest being in the muscles of the scapula 

These reflexes commonly disappear if the pyramidal tracts are 
destroyed 

Tendon Reflexes may be elicite# from a spinal animal but appear 
latei than the flexion reflexes after the operation They are brought 
about by sudden sti etching of the muscle, conveniently by tapping 
the tendon, and m virtue of their nature are known as stretch 01 
myotatic ?eflexes As the latter term indicates, the reflexes are set 
up by impulses which arise m the muscles themselves Such reflexes, € 
as we shall see, are of great nnpoitance in the maintenance of postuie 
and in walking For example, the stretching of the quadriceps 
extensor of the- knee, winch takes place as the foot is about to leave 
the ground m walking, causes it to contract The tTi f ) ust reflex, as it 
is called, is also an important propelhng force m walking or hopping 
m the fiog and is brought about by pressure on the sole of the 



CH XLYIIl] 


REFLEX ACTION IN MAN 


679 


foot and stretching of its muscles It is best seen in an animal 
m which the cerebmm only has been removed (see Decerebrate 
Animal) The tendon leflexes winch aie generally examined are 
the patellar tendon reflex or knee-jet h 9 the tendo Achillis reflex or 
ankle-] ei k, and the phenomenon known as ankle-clonus 

The knee-jerk — The quadnceps muscle is slightly sti etched by 
putting one knee ovei the othei , a slight blow on the ligamentum 
patellae causes a movement of the foot forwards, as indicated m the 
dotted line of fig 263 The reflex is present m health 

The ankle-jerk is one of gieat importance, for m such diseases 
as locomotor ataxy, m which the tendon leflexes are lost, it 
usually disappears before the knee-jerk It is best elicited if 



Fig 263 — The kneo jerk (Miss Barclay Smith ) 


the patient kneels with one knee upon a cushioned chan, whilst 
standing on the othei leg by the side of the chair The calf muscles 
of the kneeling leg are thus slightly sti etched by the weight of 
the foot, and a sharp tap upon the tendo Achillis elicits the jerk 

Ankle-clonus — This is elicited as depicted m the next figure the 
hand is pi eased against the sole of the foot, the calf muscles are thus 
put on the stretch and they conti act, and if the pressure is kept up 
a quick succession or clonic senes of contractions is obtained This 
is not readily obtained m health 

The exact couise of the reflex arc concerned m the knee-jerk has 
been worked out by Sherrington m the monkey The nerve-fibres 
are mamly those which pass (1) to and from the ciuieus by the 
anterior femoral nerve, and (2) to and from the hamstrings by the 
sciatic nerve The fibies which supply the crureus arise from the 
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spinal neive-ioots which m man conespond to the 3id and 4th 
lumbai , the hamstung supply is fiom the 5th lumbar and 1st and 
2nd sacial loots 

Lombard’s experiments upon the knee-jerk indicate that it is 
sometimes more readily obtamed even m the same person than at 
othei tunes It vanes with changes m mental activity, and during 
sleep may be entuely absent It is increased and diminished by 
whatever inci eases or diminishes the relative state of irritability of 
the neivous system as a whole 

Closely i elated to tins is the phenomenon known as reinforcement 
of the Inee-jeil, which was hist described by Jendrassik m 1883, and 
has smce been studied by numerous observers The extent of the 
jeik may be mci eased if at the time the patellai tendon is struck, a 
strong voluntaiy contiaction, such as clenching the fists or the jaw, 



Fig 264 — Anile-clonus (Miss Barclay Smith ) 


is made by the individual In many normal persons the knee-jerk 
is difficult to elicit, but it must never be regarded as absent until 
i enforcement has been tiled Aftei the remfoicmg action has 
occurred it is followed by an interval in which the knee-jeik is 
lessened (inhibition or negative reinforcement) 

Absence of Reflexes — The spinal reflexes must obviously dis- 
appeai if any part of the arc on which they depend is destroyed 
Disease or mjuiy of the afferent nerve, efferent nerve, or spinal grey 
matter, abolishes them Thus they cannot be obtained m locomotor 
ataxy (damage to the posterior nerve-roots), or in infantile paralysis 
also known as antenoi poliomyelitis (damage to the anterior horns 
of grey mattei) This absence of the reflexes is therefore an 
nnpoitant diagnostic sign of disease of the spinal coid or of the 
neive- roots Especially is this so if the tendon reflexes which 
are usually ehcited are affected, but the supeificial reflexes aie more 
vanable and may be unobtainable even m the absence of nervous 
disease 
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Alteration of the Character of the Reflex — This is well 
seen m the case of the knee-jeik In lesions of the pyramidal 
tiacts as m the deceiehiato animal the knee-jeik is too well 
sustained, hut on the othei hand m ceiehellai disease the leg falls 
quite limply The noimal is midway between the two These 
facts indicate that the knec-]eik is intimately i elated to highei 
mechanisms It ns indeed a fractionated stietcli leflex 01 pait of 
the moie complicated iefle\ by which we stand (see Mid-Brain 
Animal, p 68 J) 

The Influences of the Higher Centres on Lower Reflex 
Arcs — If, m the fiog expenments referred to on p 674, the cerebrum 
only is destroyed and the optic lobes left intact, the reflex reactions 
are found to be appreciably slower, thus showing the mhibitoiy 
effect of the lemaimng paits of the hi am 

In man, this influence is of consideiable clinical importance m 
the diagnosis of nervous disease, m which an exaggeration of the 
reflexes may, m ceitam cncumstances, be consideied to indicate 
that the higher centres have been cut off, eg, by disease of the 
pyianndal tiacts or ceiebial coitex The reflex may be exaggerated 
m any condition which increases the in liability of the nervous 
system 

The effect of lemfoicement referred to above is a closely allied 
phenomenon, but a generally accepted explanation has not yet been 
found On the othei hand, we are familiar with the fact that 
reflexes may be largely inhibited by volition, e g sneezing Cranmer 
when burnt at the stake, held his hand m the fire till it was 
consumed 

The Plantar Reflex — We have seen m the frog experiment 
described above that two reflexes may be pioduced by stimulation of 
the foot Two similai reflexes aie seen m man the withdiawal 
icficx, involving extension of the toes (extensor plantar response), 
and the thrust i cjlex, involving flexion of the toes (flexor plantar 
lesponse) bToimally they are elicited by two distinct varieties of 
stimulation, but, as a result of walking, the protective withdrawal 
reflex is m partial abeyance and a gentle scratch of the sole of the 
foot with the finger-nail causes flexion of the toes In disease of 
the pyramidal tiacts, however, or m very deep sleep, when local 
protection is moie essential, the withdiawal reflex is more piomment 
and such stimulation causes extension of the toes, especially the 
great toe This is an important diagnostic sign of interference with 
the pyramidal tract (Babmski’s sign) 

The Relation of Reflexes to Muscle Tone — Commonly, 
changes m the leflexes aie associated with alterations m muscle 
tone which we know to be a reflex phenomenon, but foi convenience 
this is considered separately 
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Visceral Reflexes — The spinal giey matter contains centres 
which regulate the operation of many involuntary muscles Some 
of these centres ai 0 

The ciho-sjpmal centre which conti ols the dilatation of the pupil , 
it is situated m the lower eeivical region, leaching as far down as 
the origin of the first to the third thoracic nerve 

Subsidiary vcisoviotoi centies The principal vasomotor centre 
is situated in the bulb, and subsidiary centres are scattered through 
the spinal grey rnattei (see p 618) 

Centies probably exist for all the muscular viscera, but paiticular 
study has been directed to those m the pelvis, and centies for 
micturition, defalcation, ei edion , and pai tuntion are contained m the 
lumbo-sacral region of the cord If the spinal cord is cut through 
above the situation of these centres, the result is, in general terms, 
that any influence of the higher (voluntary) centres over these 
actions is no longer possible The actions in question are then 
simply reflex ones occurring unconsciously at certain intervals, and 
set in movement by the peripheral stimulus '(fullness of bladder, of 
rectum, etc) If the poition of the cord where these centres are 
placed is entirely destioyed, the result is paralysis of the muscles 
concerned, though m certam cases, even after such a severe 
injury, some amount of recovery has been noticed, which must be 
attributed to the peripheral ganglia being able to play the part of 
reflex centies 

The phenomena of micturition and defsecation have, however, 
already been described at length 

Muscle Tone and the Postural Reflexes 

In our consideration of the tendon reflexes we saw that certam 
reflexes occurred when tendons are stretched by tapping or other- 
wise These reflexes aie, however, really part of a most elaborate 
mechanism by which the body maintains its posture and co-ordinates 
its muscular activities The so-called “stretch reflex” is therefore 
of fundamental importance m the mamtenance of posture 

It is found in animals and m man that certain of the muscles 
are not fully lelaxed, but appeal to be constantly maintained m a 
state of paitial contraction This state we know as tonus 

This may readily be seen m a decerebiate frog, which, if held up 
by the head, is seen to maintain its legs m a slightly flexed position 
If, however, the antenor or posterior lumbar roots are cut, 01 the 
spinal cord m the lumbar region destioyed, the legs hang flaccid 
It is evident from such experiments that the muscular tone which 
was present was dependent not only on impulses which pass out 
from the cord but also on those which pass m by the posterior roots 
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Similarly, m man, if any condition is piesent which interferes with 
the spinal aic, eithei on the affeient 01 the efferent side, theie is 
unusual flacciclity On the other hand, if the pyiamidal tracts 
are destioyed by disease theie is found in association with the 
mci eased reflexes a maiked rigidity of the lower limbs due to 
increased tone of the extensors Generally we may say that loss 
of reflexes is associated with loss of tone and mciease of reflexes 
with increase of tone 

We may arrive at some, as yet incomplete, explanation of these 
facts if we study the phenomenon of tone m animals 

The Spinal Animal has already been studied (p 674), and it has 
been seen that it is possessed of flexion defence leflexes After the 
shock of the operation has passed off the flexor muscles aie m a 
state of tone the spinal coid may bo looked upon as placing the 
animal m a protective position by drawing m the limbs 

The Mid -Brain Animal — If, however, the section is made 
through the mid-biam, through 01 just below the red nucleus, 
quite the opposite state of affairs is produced, namely, that first 
described by Sherrington as decerebrate rigidity * In this con- 
dition the limbs are fully extended and aie ngid as the lesult 
of increased tone m the muscles of the back and neck, m the 
quadnceps, the extensor of the knee, and m the gastiocnemius at 
the back of the leg There is pioduced, m other woids, a condition 
of reflex standing, since all the anti-giavity muscles are contracted 
and the preparation can theiefore maintain its own weight if 
placed on its feet, but cannot light its position if pushed over 
The reflex paths concerned m the phenomenon may be investigated 
by studying the condition of the tone present m the quadriceps 
extensor of the knee It is found that the maintenance of the tone 
depends on both the antenoi and posterior roots (lumbar 5 and 6 
m the case of the quadriceps m the cat), indicating that tonus 
is dependent on affeient impulses arising m the muscle itself 
These impulses may be shown to depend on the slight stretch 
imposed on the muscle by its bony attachments from the tendency 
for the legs to bend, since, if the tendon is severed, the tonus and 
the impulses which aie found by the electrical method to pass up 
its nerve at the rate of 15 pei second at once disappear The 
stretch reflex has been dealt with on p 678 It is also known 
as the shortening reaction and depends on impulses passing up from 
the tendon organs (Denny Biown) That the skin is not involved 
is seen by the fact that decerebrate rigidity is fully piesent m a 
skinned limb 

* Section of the rubrospinal tract only without the pyramidal tiacts does not 
cause rigidity, but different animals vary appreciably m this respect * 
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It is seen, however, that the cential nervous system, as high as 
the pons, is concerned m the leaetion, since section below Deiteis’ 
nucleus 01 section of the anteio-lateial tiact removes the rigidity 
Thus we may conclude that this condition of decerebiate ngidity 
depends on a xefiex arc, of which the afferent side is the afferent 
nerves fiom the muscles, the posterior roots, and the anteio-lateral 
tract, while the efferent side is the vestibulo-spinal tract from Deiters’ 
nucleus (Bazett) m the uppei medulla and lowei pons, the antenoi 
roots and the motor neives to the muscles A similar condition 
of decerebrate ngidity is found occasionally m man, eg m tumours 
involving the mid-bram 

It must be undei stood that the amount of muscular tension thus 
kept up is only a fraction of the maximum which can be produced 
by the same muscles, and the amount of oxygen required is only 
25 per cent above that requned at rest The liability to fatigue is, 
theiefore, very little indeed , the rigidity can be kept up for many 
days It is of interest to obseive that the postuung limb shows the 
phenomenon of plasticity which tends to keep the limb m whatever 
position it is placed 

The degiee of tone m postuung muscles is related to the body 
as a whole (see tome reflexes, pp 686 and 687) 

An interesting phenomenon of posturing muscle is the lengthening 
reaction If the muscle is severely stretched it is felt to give way 
owing to a sudden disappearance of the tone as a result of inhibitory 
impulses which pass up from the muscle spindles This leaetion is 
important in pieventmg the tearing of muscles 

The Thalamic Animal — If a section is made above the led 
nucleus, the postural reactions of the animal are complete For 
convenience the thalamus also is left intact m order that the animal 
shall be able to legulate its own body temperature The animal 
possesses lighting i eflexes, that is, is capable of righting itself from 
any position in which it may be placed, although of course by the 
removal of the ceiebrum it is deprived of all volition and is a mere 
automaton 

Expeiiments on the deceiebrate and thalamic animal, which we 
owe largely to the schools of Magnus in Utrecht and of Sherrington 
in Oxford, show that certain parts of the body bear a definite relation 
to each other m the maintenance of posture, and that when one 
pait of the body is moved, a reflex alteration m tone changes the 
position of other parts of the body Thus, if the neck is flexed, 
the foie legs bend and the bond legs extend, while the opposite occurs 
if the head is extended (i e a tonic neck reflex occurs) Such 
movements, it is realised, take place together normally m the life 
of the animal when it is eating or lookmg up Also if one leg is 
bent the other may extend as m walkmg This is known as the 
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crossed extension oeftex Similarly if the head is turned to one side 
the limbs on that side show mci eased extensoi tonus as if to suppoit 
the weight of the body while the tonus of the opposite side decreases 
Thus we see that the cential neivous system, as high up as the 
optic thalamus, is possessed of a veiy laige degree of leflex activity 
which automatically piomotes the interests of the animal 

The Maintenance of Posture 

The facts which have been given above show quite definitely 
that the maintenance of postuie is purely a reflex phenomenon 
which does not involve the cerebrum or conscious effort The 
experiments given above suggest that the muscular reflexes with 
which the nervous system of the elementary spinal animal is 
concerned are those of piotection of the animal With the gi eater 
development of iocomotion aie developed the antigravity reflexes 
which aie exhibited by the decerebiate animal Such extensor 
leflexes have aics thiough the medulla and pons They do not, 
however, depend, as used to be thought, on the cerebellum 
ISToimally, howevei, these extensois appear to be held m check by 
a still higliei set of reflexes involving the mid-biam * In the 
highei mammals this pait of the brain is quite small, but m lowei 
animals, especially those who have to maintain postuie m vertical 
as well as honzontal planes, eg birds and fishes, the so-called optic 
lobes of the mid-biam aie more conspicuous than any other part 
of the biam These are lepiesented m the mammal by the corpora 
quadrigermna, which aie quite small 

Muscular Co-oi dmation and the Maintenance of Uquilihium — 
Although postuie and equihbiium aie closely allied phenomena 
they aie not quite identical Equilibiium includes the maintenance 
of postuie, but involves also maintenance of steadiness dunng 
musculai movement, such as walking In this, the maintenance of 
proper co-oi dmation of musculai activity is essential The xeflexes 
conceined aie veiy smnlai to those of posture, but, apparently, 
noimally they involve to a greatei extent the cerebellum and the 
semicnculai canals 

Receptors and Reflexes concerned m Posture and 
Equilibrium 

The afferent impulses ongmate fiom the following foui souices — 
skm, joints and muscles , letnue, labyrinths 

In the accurate investigation ol these leflexes deceiebiate animals 
aie used foi the tonic postuial reflexes, and thalamic animals (p 684) 

* Since the above was written a papei lias been published bv Blair and McDowall 
indicating that the coi tex has a flexor effect especially well marked on the fore-limbs 
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for the lighting leflexes When one kind of receptor is being 
mvestigated it is necessary to exclude the otheis, eg by blindfolding, 
by lemovmg the labyiinths, 01 by immobilising muscles 

1 The Skin — Shenmgton has shown how comparatively 
ummpoitant is the loss of tactile sensibility from the feet A cat, 
m which the feet have been completely desensitised by division of 
nerves, can stand and walk without obvious inconvenience 

It has been shown, however, by Rademaker that certain body righting reflexes 
which tend to bring the body from the lateral to the normal position have their 
origin in the skm 

2 The Muscles and Joints — We have already seen that 
stietchmg or tapping of a muscle maj ongmate nerve impulses 
This occuis from stimulation of the specialised nerve-endmgs, the 
tendon organs, and muscle spindles which become compressed The 
shortening reaction appeals to depend on the tendon organs (Denny 
Brown) which, however, are not confined to the tendons as originally 
thought, while the lengthening reaction depends on the spindles 
The spindles give use to impulses by which we become aware of 
the movement and position of our muscles, but m this connection we 
are concerned with those impulses which do not reach consciousness 
The fibres which cairy the lattei are oif-shoots of the sensory fibres 
and reach bhe mid-biam and cerebellum ma Clarke's column and the 
cerebellar and tecto-spinal tracts 

The reflexes which are set up are known as tonic and nghtmg reflexes, which 
may arise from the muscles of the body or the neck Some cause the body to 
follow the head ( neck righting reflexes ), others ( tonic neck reflexes ) cause a change m 
tone m certain muscles (p 684) m accordance with the requirements of the head 

The difficulty experienced by quite normal persons m standing 
on one leg with the eyes shut, is due to a reduction of the number 
of these impulses, for the same subjects with the eyes shut can stand 
quite easily on both legs, displacement of the centre of gravity, 
caused by standing on one leg, must however be taken mto account 
In many cases of tabes there is but little loss of tactile sensibility, 
and the condition of mco-ordination is chiefly due to the loss of 
impiessions fiom muscles and joints In these cases, however, the 
sense of equilibnum is not lost , the man realises that he is unsteady 

3 The Eyes — The eyes are important sensory receptors m 
relation to posture and equilibnum 

They are the receptors of the optical nghtmg reflexes It can be shown that if 
a Iabyrmthectomised monkey be blindfolded and suspended m any position it makes 
no attempt to right itself, but does so as soon as the bandage is removed The 
centres for such reflexes are m the occipital cortex 

The importance of the eyes is increased when the other receptors 
are interfered with This is well illustrated by the case of the 
tabetic who has deficient joint and muscle sense due to disease of the 
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posterior nerve-roots , the visual postural reflexes have become 
educated to replace the diminished reflexes fioxn the muscles, and 
directly the individual is deprived of them he becomes unsteady 01 
even falls This phenomenon is known as Romberg's sign Since, 
however, the labyrinths are noimal the subject is quite aware of his 
unsteadiness 

As has been indicated above, the capability of an individual to 
stand on one leg depends, to a consideiable extent, on impulses 
from the eyes In some individuals the paralysis of accommodation 
by the instillation of atiopme into the eyes causes mterfeience with 
the maintenance of posture This suggests that the actual focussing 
of objects is of special impoitance 

Destruction of the eyes m animals often causes them to spin 
lound and lose then balance The giddiness experienced by many 
people on looking fiom a height 01 at moving water, or after 
the onset of a squint, or when objects are viewed under unusual 
cucumstances, as m the ascent of a mountain lailway, is due to 
the same thing It should be undei stood that visual impressions 
m themselves are not wholly the guide It is the projection of what 
is seen m relation to the position of the body (ascertained by the 
innervation of the head muscles and ocular muscles) which is the 
chief guide 

4 The Labyrinth — An external view of the labyrinth, which is 
enclosed within the petrous portion of the tempoial bone, is shown m 
fig 309 (p 801) The labynnth consists of three parts — the vestibule 
(1), the three semicircular canals (3, 4, 5) which open into the 
vestibule, and the tube, coiled like a snail's shell, called the 
cochlea (6, 7, 8) The cochlea is the part of the apparatus which is 
concerned m the inception of auditory impressions , it is supplied by 
the cochlear division of tire eighth or auditory nerve The lemamdei 
of the internal ear is concerned not m hearing, but in the reception 
of the impressions we are now studying, it is supplied by the 
vestibular division of the eighth neive Within the vestibule are 
two chambers made of membrane, called the utricle and the 
saccule , these communicate with one another and with the canal of 
the cochlea (fig oil, p 802) Within each bony canal is a membranous 
canal of similar shape Each canal is filled with a watery fluid 
called endolymph , and separated from the bony canal by another 
fluid called penlymph Each canal has a swelling at one end called 
the ampulla The membranous canals open into the utncle the 
honzontal canal by each of its ends, the supenoi and posterior 
vertical canals by three openings, these two canals being connected 
at their non-ampullary ends 

Fig 265 shows in transverse section the way m which a mem- 
branous canal is contained within the bony canal, the membranous 
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canal consists of thiee layeis the outer layer is fibious and 
continuous with the peiiosteum that lines the bony canal, then 
comes the tunica piopiui, composed of homogeneous material, and 



Fig 265 —Section of human semicircular canal (After Rudmger ) 1, Bone, 2, periosteum , S, 8, 
fibrous bands connecting tbe periosteum to 4, the outer fibrous coat of the membranous cana] , 
5, tunica propria, 6, epithelium 


thrown mto papillae except just where the attachment of the 
membianous to the bony canal is closest, the innermost layer is 
a somewhat flattened epithelium 



Fig 2Go — Section through the wall of the ampulla of a semicircular canal, passing through the crista 
acustica 1, Epithelium, 2, tunica propria, 8, fibrous layer of canal 1ST, bundles of nerve fibres, 
C, cupula, into which the hairs of the hair cells project (After Schafer ) 

At the ampulla there is a different appearance , the tunica 
propua is raised into a hillock called the ciista acustica (see fig 266 ) , 
the cells of the epithelium become columnar m shape, and to some 
of them fibres of the eighth neive pass, arborising round them, 
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these cells are piovidcd with stiff hans, which pioject into what is 
called the aqmfa, a mass of mucus-like material Between the 
hail -colls aie fibie-cells which act as suppoits (fig 267) "When 
the pressuie of the endolymph m the mtenor of the canals is 
altei ed, tlie hans of the liair-cells aie affected, and a nervous 
impulse is set up in the contiguous neive-fibies, which carry it to 
the eeiitidl noivous system The 
stimulation ot the hans is brought 
about by small bodies entangled m 
the hans (see below) 

The Function of the Otolithic 
Cavities 

Since the position of the head is 
of such impoitanee in maintaining 
postuie, a special mechanism has been 
developed within the utiiele and 
saccule which is affected by giavity 
and in which impulses aie sot up 
which aie (allied to the hi am also 
by the vestihuLu neive 

In cadi saccule and utiiclo is 
the macula, lesemblmg m stiuctiue 
the ciishc aoustica 1 of the semi- 
cuculai canals (p 688), Init m 
addition thete aie on tingled m the 
bans of the ban -tolls caleaieous bodies known as otoliths , which 
stimulate the hans by pulling The function of an otolithic cavity 
was hist disco\eied m the ciayhsli, whose cavity is open to the 
extoi loi and which icplaces the otoliths periodically by grains of 
sand, when Kreidl it ip laced the sand by non filings and appioachecl 
the animal with a magnet, the animal could be made to turn somei- 
saults oi to adopt any position, aceonlmg to the dnection of pull 
of the magnet In the mammal, definite alterations m the tone of 
muscles is caused by change m position of the head, even when 
the icflexes due to sketching of the neck muscles aie excluded by 
fixing the neck m plastei of Pans The lefiexcs fiom the labyrinths 
have a longei latent peuod than those fiom the neck, the effects 
from net k and lahynnth aie stimulated 

The leflexes aie of two categones (1) tonic lalyimthme o eftexes 
which aie shown by the decerebrate animal and which relate the 
position of the body and limbs to that of the head These depend 
on the utiiele whose otoliths he above the houzontal maculae, and 
(2) labp ubthmc nyhtwy 't gJIgus which aie shown by the thalamic 



the hau broken, and the base of the hair 
split into its constituent fibrils , 2, fibre 
cell, N, bundle of nerve fibres which 
luvo lost their medullary sheath, and 
terminate by arborising round the base 
of the hair cills , A B, surface of tunica 
propria (After llotzius ) 
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animal and which aie concerned with maintaining the head m the 
normal position in 1 elation to the earth’s surface If the body is 
moved m such an animal the head is automatically righted The 
asymnietnc lighting reflexes depend on the saccules whose otoliths 
lie lateral to the vertical maculas , the symmetrical righting reflexes 
anse probably m both utricles and saccules 



Fig 26S —Vestibular division of tbe auditory nerve r, Restiform body , V, descending root of the fifth 
nerve , d, fibres of descending vestibular root , n d , cell of descending vestibular nucleus , D, nucleus 
of Deiters , B, nucleus of Bechterew , n t , nucleus tecti of cerebellum , pi 6 , posterior longitudinal 
bundle , p , principal nucleus (Schafer ) 

After bilateial destruction of the labyrinth an animal soon 
recovers from the effect of the operation, because of its visual 
postural reflexes, but certain functions are never recovered The 
eat, for example, never regains its proverbial power of falling on 
its feet if thrown fiom a height, and ceases to be able to rise to the 
surface and swim when thrown into water 

The function of the otolithic cavities only may be destroyed 
by centufugmg the animal, a procedure winch causes it to be 
unable to regam its posture, but it may still respond to some 
extent to sudden movement of the head as the semicirculai canals 
act noimally 

The vestibular nerve (see fig 268) arises from the bipolar cells of the ganglion 
of Scarpa , which is situated m the mternal auditory meatus The peripheral axons 
ramify among the hair-cells of the epithelium in the utricle, saccule, and semi- 
circular canals The central axons enter a collection of small nerve-cells between 
the restiform body and the descending root of the fifth , this is termed the principal 


CH XLVIII] THE SEMICIRCULAR CANALS 691 

nucleus , here they bifurc tile , the descending branches run towards the lowei 
part of the bulb, and arborise lound the cells of the neighbouring grey matter 
(descending vestibul u nucleus) The ascending branches pass upwaids, some to 
the cerebrum, but most by the icstiform body to the ceiebellum, in then course 
they give off many collaterals which foim synapses with the cells of two nuclei 
near the outer angle of the ventricular floor, known as the nucleus of JDeiters and 
nucleus of Bechterew The Abies which arise fiom Defiers’ nucleus pass into the 
posterior longitudinal bundles of both sides (see p 638), those which start m 
Bechterew' b nucleus become longitudinal, but their destination is uncertain 


The Function of the Semicircular Canals 

It will bo noticed that the canals on each side aie m three 
planes at right angles to each othei, and we learn the movements 
of the head WLth regard to the three dimensions of space by 
means of impressions horn the ampullary endings of the vestibular 
nerve , these impressions aie set up by the vaiymg pressure of the 
endolymph m the ampulla 

Thus a sudden turning of the head from right to left will 
cause movement of the endolymph towards, and therefore increased 
pressuie on, the luu -cells connected to the ampullary nerve-endings 
of the left horizontal canal, and diminished pressure on the corre- 
sponding apparatus of the light side It is probable that resulting 
from such a movement two impulses reach the brain, one the effect 
of increased piossuie m one ampulla, the second the effect of decreased 
pressure m its fellow It may even be that mci eased pressure on 
one side of a crista is accompanied by diminished piessuie on the 
opposite face of the same custa 

“ One canal can be affected by, and transmit the sensation of 
rotation about one axis m one direction only, and for complete 
perception of rotation m any dueetion about any axis, six canals are 
required m three pairs, each pan being m the same or parallel planes, 
and then ampulhe turned opposite ways Each pair would thus be 
sensitive to any rotation about a line at light angles to its plane or 
planes, the one canal being influenced by rotation m one direction, 
the other by rotation m the opposite direction ” (Crum-Brown ) 

The two horizontal canals are m the same plane, the postenor 
vertical of one side is m a plane paiallel to that of the superior 
vertical of the other side (see lig 269) 

When these canals aie diseased in man as m Meniere's disease, 
there are disturbances of equilibrium a feeling of giddiness, which 
may lead to the patient's falling down, is associated with nausea and 
vomiting In animals similar results are produced by injury, and 
the subject has been chiefly woiked out on birds by Flourens, where 
the canals are large and readily exposed, and m fishes by Lee 

Tims, if the horizontal canal is divided m a pigeon, the head is 
thrown into a series of oscillations m a horizontal plane, which are 
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inci eased by section of the eonespondmg canal of the opposite side 
After section of the vertical canals, the forced movements are m a 
vertical plane, and the animal tends to turn somersaults 

“When the whole of the canals aie destroyed on both sides 
the distuibances of equilibrium aie of the most pronounced character 
G-oltz describes a pigeon so treated which always kept its head with 
the occiput touc hin g the breast, the veitex directed downwards, with 
the right eye looking to the left and the left looking to the right, 
the head bemg incessantly swung m a pendulum-like manner 
Oyon says it is almost impossible to give an idea of the peipetual 
movements to which the animal is subject It can neither stand, 
noi he still, nor fly, nor maintain any fixed attitude It executes 
violent somersaults, now forwards, now backwards, rolls round and 




Fig 269 —Diagram of semicircular canals, to show their positions in three planes at right angles to 
each other It will be seen that the two horizontal canals (H) lie in the same plane and that the 
superior vertical of one side (S) lies m a plane parallel to that of the posterior vertical (P) of the 
other (The student will understand that, though m the diagram the canals are entirely separated 
from one another, they are really connected ) (After Ewald ) 

round, or springs m the air and falls back to lecommence anew It 
is necessary to envelop the animals m some soft covering to prevent 
them dashing themselves to pieces by the violence of their move- 
ments, and even then not always with success The extreme 
agitation is manifest only during the first few days following the 
opeiation, and the animal may then be set free without danger , but 
it is still unable to stand or walk, and tumultuous movements 
come on fiom the slightest distuibance After the lapse of a 
fortnight it is able to maintain its upright position At this 
stage it resembles an animal painfully learning to stand and walk 
In this it relies mainly on its vision, and it is only necessary to 
covei the eyes with a hood to dispel all the fruits of this new 
education, and cause the reappearance of all the motor disoiders” 
(Terrier ) 

It is these canals which enable the individual to know m which 
direction he is being moved, even though the eyes are bandaged, and 
the feet are not allowed to touch the ground On being whirled 
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i omul, such a person knows m which direction he is being moved, 
and feels that he is moving so long as the late of rotation varies, 
but when the whirling stops he seems, especially if he opens his 
eyes, to be whuling in the opposite direction, probably owing to the 
rebound of the fluid m the canals The forced movements just 
described m animals aie due both to the absence of the normal sensa- 
tions from the canals and to delusive sensations ansmg from their 
irritation, and the animal makes efforts to conect the movement 
which it imagines it is being subjected to 


Functions of the Cerebellum 

In the past several views have been held concerning the functions 
of the ceiebellum One of the oldest of these was the idea that the 
cerebellum was associated with the function of generation, anothei 
view, first pi omulgated by Willis, was that the cerebellum contained 
the centies which regulate the functions of organic life , this arose 
from the circumstance that diseases of the cerebellum are often 
associated with nausea and vomiting The third and last of 
these older theones was that the cerebellum was the centre for 
sensation This arose from the fact that certain of the afferent 
channels of the spinal cord were traced into the ceiebellum The 
impulses that travel along these, however, though afferent, are not 
truly sensoiy, and their reception m the cerebellum is not associated 
with consciousness 

The true function of the cerebellum was first pointed out by 
Flour ens, who showed that the cerebellum is, as has been indicated 
alieady, the great centre foi the co-oidmation of muscular movement 
— that is, the harmonious adjustment of the working of the muscles, 
m doing so the ceiebellum co-operates intimately with the postural 
mechanisms descubed above 

The functions of the ceiebellum have been investigated by 
obseivmg the effects of removal in animals and of disease in man 
Stimulation of the veinns of the ceiebellum inhibits the ngidity of 
the same side of the body m deceiebiate ngidity (Sherrington), 
presumably via Deiteis’ nucleus Various movements of the head 
and eyes have been described Stimulation of the cerebellar nuclei 
causes movements of the head and eyes 

The disturbed condition of the gait and co-oi duration of an 
animal deprived of the ceiebellum (fig 270) contrasts very foicibly 
with the sleepy state produced by removal of the cerebrum For 
such work birds have been extensively used since the cerebellum is 
relatively laige and easily accessible m these animals 

In man disease, such as tumour or abscess, of the cerebellum 
leads to the condition of ceiebellar ataxia This ataxia is part of a 
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general distiu bance of co-ordination There is general weakness 
( asthenia ) and loss of tone ( atoma ) of the muscles concerned The 
muscles, therefoie, feel flabby and the limbs unduly loose and flail- 
like if moved The individual is slow and clumsy and cannot bring 
his movements smoothly to an end This may be seen if the patient 
attempts to touch the nose , he not only has difficulty m reaching the 
nose, but he may strike the nose forcibly, while m attempting to 
make such an accuiate movement the muscles act mco-ordmately 
instead of acting smoothly together ( asynergia ) 

The weakness, if unilateral, tends to render him liable to fall to 



Fig 270 —Pigeon after removal of tlie cerebellum (Dalton ) 


the affected side, since, as we have seen, the cerebellar tracts are 
uncrossed The head is commonly rotated to the opposite side 

Speech may be similaily affected, being typically staccato m 
character or laboriously slow Theie are also interference with the 
compensating movement of the eyes, the production of nystagmus 
anc ^ c ^ evia ^ 10n the eyes These disturbances result not 
only from disease of the cerebellum, but also when the paths to and 
from the organ have been impaired The normal mechanism of the 
knee-jerk is disturbed It is less sus tamed than normally so that 
the leg appears to fall limply The after-swing so produced has 
caused the term pendulum knee-jerk to be given to the response 
The effects of lemoval of the cerebellum m animals is, however, 
not peimanent, indeed, dogs, m which the cerebellum has been 
removed, recover their normal gait and do not appear otherwise 

considerable degrees of recovery may 

This recovery appears to be the result of other parts of the 
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central nervous system, especially the cerebium, taking over the 
functions of the ceiehellum, since, if m recovered animals the 
ceiebium is now lemoved, the disturbance of gait returns 

By removing small portions of the cerebellum and by the study 
of disease, attempts have been made to find out the function of 
the cerebellum m more detail From such investigations the vermis 
appears to be related to the movements of the trunk, the hemispheres 
to the limbs 

The upper surface is responsible for the thorax, neck, face, and aims, especially 
for adduction, abduction, and flexion, the lower suiface controlling the lower part 
of the body, especially adduction and abduction of legs (Bolk and v Rijnberk) 

It has also been established, as 
would be expected fiom the fact that 
the tiacts to the cerebellum aie un- 
crossed, that one half of the cerebellum 
controls the same side of the body 
The more intimate details are, however, 
as yet of little practical importance 

The cerebellum is connected with 
other parts of the nervous system by 
the various paths already descnbed on 
p 645, and these pathways aie so 
arranged that the cerebellum acts upon 
the muscles of the same side of the 
body m conjunction with the cerebral 
hemisphere of the opposite side The 
close interrelation of one cerebral with the opposite cerebellar 
hemisphere is shown m cases of biam disease, in which atrophy 
of one cerebellar hemisphere follows that of the opposite cerebral 
hemisphere (see fig 271) In ordei that the cerebellum may send 
out impulses, it is necessary that it receive impulses which guide 
it by keeping it informed of the position of the body m space 
These impulses, as we have already insisted, though afferent are 
non-sensor y , they tiavel by paths which at the start, however, are 
offshoots from those winch cany the leal sensory impulses to the 
cerebrum 

Compensating Movement of the Eyes — Of considerable 
interest and importance is the movement of the eyes, which takes 
place automatically when the head is moved, so that they may 
remain fixed on an object It may be observed ni an animal whose 
cerebium has been removed If the head is moved up, the eyes 
move down, and wee veosa These eye movements depend on 
impulses from the labyrinth and from the muscles 

Similar movements may be observed m man for instance, 
in an individual who attempts to look at passing objects from a 



Fiq 271 —This is a reproduction of 
a photograph of a lunatics brain 
by Dr Ericke One ceiebral and 
the opposite corobellar hemisphere 
are atrophied 
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xapidly moving tiaxn The eyes appeal to jump from one object to 
another The jump is due to the cerebrum, but the lag behind 
which permits a series of objects to be focussed depends on cerebellai 
and bram-stem reflexes The alternation of slow and fast movements 
of the eyes is known as nystagmus A similar nystagmus, or 
difficulty in keeping the eyes fixed on an object held at the side of 
the head, is pioduced normally by heating or cooling the labyrinth, 
and is now a test for the efficiency of the latter m suspected disease 
We have aheady remarked the interference with the normal position 
and movements of the eyes m cerebellar disease 

Reciprocal Innervation of Antagonistic Muscles — Interest 
in this branch of muscle physiology we owe to the researches 
of Sheirington In brief, he shows that the inhibition of the tonus 
of a voluntaiy muscle may be brought about by excitation of its 
antagonist It is a good illustration of proprioceptive reflexes 

Movement at a joint m any direction involves the shortening 
of one set of muscles and the elongation of another (antagonistic) 
set The stretching of a muscle pioduced by the contraction of 
its antagonist mechanically stimulates the sensory neive-endmgs 
m the muscle-spindles of the muscle which is under extension, 
m this way a reflex of pure muscular initiation may be started 
Experiments show that electrical excitation of the central end 
of an exclusively musculai nerve produces inhibition of the tonus 
of its antagonist Tor instance, the central end of the seveied 
hamstring neive is faradised This neive contains m the cat 4510 
nerve-fibres, and of these about 1810 aie sensoiy m function,* 
these come from the flexor muscles of the knee, not fiom the 
skin The effect of the stimulation of the nerve on the tonus of 
the extensor muscles of the knee is seen (a) in elongation of those 
muscles, and (5) in tempoiary diminution of the knee-jerk The 
experiment may be varied as follows the exposed flexor muscles 
detached from the knee, and therefore incapable of mechanically 
affecting the position of the joint, are stretched or kneaded This 
produces a reflex elongation of the extensor muscles of the knee 
and a temporary diminution of the knee-jerk The effects are m 
fact the same as those produced by faradisation of the central end 
of the nerve supplying them It may therefore be that reciprocal 
inneivation, which is a common form of co-ordination of antagonistic 
muscles, is secured by a simple reflex mechanism, an important 
factor in its execution being the tendency for the action of a muscle 
to produce its own mhibition reflexly by mechamcal stimulation 
of the sensory apparatus m its antagonist 

When we study the anatomical path of the entenng posterior 


1 SenS T y ne 7A“ fibreS 15 dete rained by counting the healthy 
nbres m the nerve after section of the anterior nerve-roots 
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loots (p 625) we see that theie are several ways by which an 
affeient impulse may affect the motor discharge fiom the anterior 
horn-cells of the coid, theie is the shoit path by the collateials 
of the enteimg fibie which pass directly to these cells, and 
theie aie the longei paths, via the ceiebellum and cerebrum 
respectively In the execution of a voluntary action all paths are 
m activity to produce the co-oidmation and due conti action and 
elongation of antagonistic muscles which chaiacterise an effective 
muscular act Section of the postenoi roots pioduces not only an 
inability to cany out reflex actions, but also leads to an in- 
ability to cany out effectively those more complicated reflex actions 
which aie called voluntary, and m which the biam participates 
Locomotor ataxy, 01 tabes dorsalis, is a slowly progressive disease, 
the anatomical basis of which is a degeneration of the posterior 
nerve-i oots It is, theieloie, analogous to a physiological experi- 
ment m which the postenoi loots aie divided, and although some 
fibies may lemam which still allow of the passage of nervous 
impulses, the action of tire three cncles is greatly interfered with, 
the spmal leflex aie is at fault, this is shown by the loss of reflex 
action, the disappearance of the tendon reflexes, and the want of 
tonus in antagonistic muscles, the mam symptom of the disease is 
want of muscular co-oi duration, and this is produced not only by the 
lesion m the spinal coid, but is accentuated by the want of continuity 
m the other two paths, so that the brain is unable effectively to 
control the motoi discharge fiom the anterior cornual cells 

The Nature of Excitation and Inhibition — The older theories 
of reflex excitation and inhibition of cential origin have now been 
abandoned it is, theiefoie, unnecessary to detail them 

In then place will probably be accepted m some form or other, 
particularly for lellex inhibition, the modem “ chemical” (humoral) 
theory advocated by Shemngton 

Summarised, this suggested working hypothesis assumes that a 
motor nerve-cell (eg an anterior horn cell) is susceptible to affeient 
stimuli of opposite! sense, which induce the creation within the 
cell of cxcitatoxy state (E) or inhibitory state (I) 

It is assumed that these are formed m definite amounts and 
proportional to the stiength-duiation, %e intensity of the stimulus, 
and fuithei, that E and I aie mutually antagonistic and capable of 
ncutnihmig each othei, as it they weie chemical substances 

Shemngton has constiucted a scheme to show how afferent 
impulses may pi educe m nerve centres accumulation of either E or 
I Inhibition is regarded as the result of an excess of I over E, and 
excitation the leveise The hypothesis can be elaborated to account 
foi aftei-disehaige as being due to accumulated E after cessation 
of the stimulation It accounts for the augmentation of strength 
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of stimuli (to afferent) increasing muscle response, for prolongation 
of unaltered stimulation of afferent causing increased reflex contrac- 
tion (re-excitement), for the shortening of latent reflex interval by 
increase of stimulus strength, for the fact that stimulation of an 
mhi bitoiy afferent induces an inhibitory state m the absence of an 
excitatory state, and for increase of inhibitory stimulus increasing 
amount of relaxation m an excitation reflex contraction 

Sufficient has been said to indicate the ideas which foreiun this 
modem conception (Senior students are referred to Sherrington’s 
paper Pioc Roy Soc, B 97,1925) 

The Principle of the Common Path (Sherrington) — At the 
commencement of every reflex arc is a receptive neurone extending 
from a sensory suiface to the brain or cord, and this is a private 
path exclusively occupied by impulses from its own receptive 
points on the surface of the body These impulses pass along 
certain association tracts or mternuneial paths m the central nervous 
system, and at the termination of the arc we have a final neurone 
which acts as the conducting link between the central nervous 
system and the muscle or gland which it supplies This final neurone 
does not subserve exclusively impulses generated at one receptive 
source, but can be used m the conduction of impulses generated at 
many points of the body’s surface The arm muscles, for instance, 
can be thrown into play m response to visual, auditory, tactile, 
and other stimuli The final neurone thus differs from the initial 
neurone m being public , not private, and may be spoken of as the 
final common path Of course, m every reflex action we are not 
really concerned with mchvidual neurones, but with thousands of 
them acting m harmony, still, for descriptive purposes, it is well 
to speak of one set of neurones only as a sample of the rest An 
ordinary motor nerve is thus a collection of many final common 
paths This flowing of afferent impulses towards a common point 
has been called The Principle of Convergence 

Now let us suppose that two stimuli are acting on different parts 
of the body’s surface* each of which would pioduce impulses that 
converge upon the same final common path, though they may throw 
the motoi organ into action in rather a different way In such 
circumstances, it is found that the occupation of the public path by 
one impulse pi events it being simultaneously used by the other, 
one reflex or the other takes place, but not both of them 

For the investigation of such a problem, the “scratch reflex ” of 
the dog is one that lends itself admirably This can best be studied 
m the “ spinal ” dog, that is in a dog m which cerebral influence is 
shut off by division of the spinal cord in the lower cervical region 
If the skin over a large saddle-shaped aiea covering the shoulders 
and back is gently irritated on one side, the hind leg of the same 
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the reflex The association paths in the cord are m the lateral 
pait of the lateral column, and division of that region of the cord 
abolishes the reflex 

But theie is another foim of stimulation which also throws 
the same flexoi muscles into action, although m rather a different 
way, and that is stimulation of the sole of the foot The foot 
and leg aie withdrawn, and the action is a steady one, and not 
a succession of lhythmic chschaiges as in scratching Both reflexes, 
however, end m the same final common path , and if while sciatch- 
mg is being elicited by stimulation of the shoulder, the foot is then 
stimulated simultaneously, scratching immediately ceases, one set 
of impulses has displaced the othei from the final common path 
If then one ceases to stimulate the foot, the scratch reflex returns if 
the imitation of the shoulder is kept up This is well illustrated by 
the tracing (fig 272) 

There is another way in which the inhibition of reflexes may be 
produced The contraction of one set of muscles is accompanied 
by relaxation of its antagonists, and the contraction of the flexors 
in the sciatch leflex may therefore be inhibited by making the 
antagonistic muscles (the extensors) contract Further, the scratch 
reflex is unilateral, but this does not mean that the muscles supply- 
ing the other legs are inactive, for they must act m such a way 

as to suppoit the dog on thiee legs, while it scratches with the 

fourth So if the light shoulder is stimulated, the right hind leg 
sciatches, if the left shoulder is stimulated, the left hind leg 
scratches , but if both shoulders are stimulated together, only one or 
the other leg scratches, not the two at once , parts of the final paths 
are common to both sides, and there is a struggle for their occupa- 
tion Instances of reinforcing action may be found , foi example, 
if two pomts of the skm of one shoulder are stimulated with a very 
feeble current, neither stimulus alone may be sufficient to evoke 

the scratch reflex, but the two together may elicit it, m order 

to attam this lesult the two pomts of skm must be fairly close 
together 

The afferent neurones (private paths) of the body are about five 
times more numerous than the efferent (final common paths), and m 
the struggle foi the occupation of these public paths by the impulses 
that enter the central nervous system by the more numerous 
private paths, thiee factors are specially concerned — (1) Strength of 
stimulus , the sti ongei the stimulus the better chance the resulting 
impulse has of gettmg round to the motor organ (2) Character of 
impulse, sensations of painful nature and sexual feelings wm the 
final path easily , it is a matter of common experience that such 
sensations dominate and even exclude other sensations , a man with 
bad toothache is not likely to take much notice of anyone who pulls 
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his coat tails (3) Fatigue at the end of a long stimulation, a 
stimulus applied to a fiesli leflex aic has a bettei chance of captuiing 
the common path J ° 

Conditioned Reflexes 

In this vauety of letlex we have the paiticipation of the 
cerebial eoitcx and apparently of consciousness m its formation, 
and it is so called because it depends laigely on the condition of 
its establishment Conditioned leflexes aie not inborn, like the 
leflexes we have Intheito been considering, but have become actually 
acquned by the animal during its life-time Our knowledge of these 
leflexes we owe laigely to Pavlov, who has placed their study on 
an experimental basis His classic experiment is well known He 
showed that if a bell was rung each time food was given to a hungry 
dog, eventually the dog secreted saliva when the bell was rung, 
although food was not piesentecl The showing of the food to the 
dog constitutes the unconditioned stimulus , the ringing of the bell 
the conditioned stimulus The fact that a dog will secrete saliva 
when food is offer ed is well known, and may be looked upon as an 
inborn 01 unconditioned reflex, but it has now been shown that 
practically any stimulus not involving senous hint to the animal, 
and piovidod it begins to act slightly befoie the normal activity, 
may, if it occuis simultaneously with the normal stimulus, become 
the conditioned stimulus Even the cessation of a stimulus, eg 
of the ungmg of a bell, may act as a stimulus The sight of 
the synnge used foi the injection of apomoiphme is eventually 
sufficient to cause vomiting although no actual injection is made 
Failure, howovoi, to iollow the conditioned by the unconditioned 
stimulus leads to weakening and eventually to loss o? extinction of 
the leflex Even allied leflexes aie affected, a fact winch indicates 
that the extinction is an active nihibitoiy process A conditioned 
reflex may become established in i elation to any reflex activity of 
the animal, even to the knee-jeik, hut foi the sake of simplicity 
most of the work has been earned out m relation to the secretion of 
saliva Eoi more accurate woik the duct of a salivaiy gland is 
brought to the surface, so that the saliva can be easily collected 
and rneasuied Also to a\ old the disturbance caused by extraneous 
stimuli, the animal is placed nr a special chamber and rs observed 
indirectly by means of a peuscope 

It is evident that m the formation of a conditioned reflex two 
processes occur, namely, an analysis of the stimulus which takes 
place m the cciebium, which with the appropriate afferent neive 
and nerve-ending coxnpnses the analyser, and an association of the 
conditioned and unconditioned stimulus If the appropriate part of 
the cortex is removed, eg the temporal aicas in a case m which the 
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conditiohed stimulus is a sound, the reflex disappears This experi- 
ment is impoitant, as it indicates that the reflex does not depend on 
any shoit-circuitmg mechanism thiough lowei centres as has been 
suggested 

Conditioned reflexes are of interest as they offer a method of 
mvestigatron of the analysers and the power of the lower animals to 
differentiate between different kinds and intensities of stimuli, for 
example, it has been shown that a dog can differentiate between half 
tones on the piano It has been possible also by their study to show 
that the power of localising the side from which a sound comes 
depends on mtegnty of the corpus callosum which joins the two 
cerebral hemispheres 

Conditioned reflexes are liable to be inhibited or stopped m 
eeitam eneumstanees If, for example, an extraneous noise is 
heaid this may cause a temporary external inhibition of the 
reflex If, however, the stimulus is harmful and affects the same 
region as the conditioned stimulus, the inhibition may be permanent 

It has been found that a considerable interval may occur between 
the conditioned and the unconditioned stimulus, provided the former 
is applied first A dog may thus be taught to secrete saliva half an 
hour after a bell is rung (i e inhibition of delay) This is known as 
a t? ace reflex In the mterval some definitely active inhibition must 
be piesent to prevent the stimulus fiom acting, since the introduction 
of an extraneous stimulus during the mterval causes an immediate 
flow If, however, in the mterval, another stimulus is applied which 
the dog has been taught to associate with no food, it is found that 
an inhibition of the conditioned reflex has been pioduced, and that 
the latter cannot be elicited again for some time This we call a 
conditioned inhibition , or if the animal has had to differentiate 
carefully between the positive and negative stimuli, differential 
inhibition All foims of inhibition other than those caused by 
extraneous stimuli are known as internal inhibition, since they 
involve an active mhibitory process Evidence indicates that this 
inhibition occurs in the cerebral cortex Further, it is found 
that if an mhibitory stimulus is repeated its after-effects may be 
summated, the inhibition may involve larger areas of the cerebral 
cortex, and other conditioned reflexes may become affected Hot 
only so, but the in hi bition may spiead more generally and the 
animal appears to go to sleep Pavlov suggests that such sleep is 
closely related to hypnotic and normal sleep, which, according to 
this view, is due to accumulated inhibition or the receipt of stimuli 
which are related to cessation of activity The observance of time 
of night, the ceremony of preparing for bed, provide examples of 
such stimuli m man Experimental sleep is most likely to occur 
during differential inhibition, and it is of great interest that the 
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inhibition may involve limited aieas of cortex An inhibition 
pioduced m one analysei may spread to another adjacent, and even 
the motoi coitex may become involved In man also we know that 
sleep may be sinnlaily patchy, and that many activities, e g walk- 
ing, hearing, even reasoning, may take place during sleep 

Many attempts have been made to make diagrams of possible 
new paths being laid down and of short-cncuits formed Such 
diagiams aie more fanciful than useful since the amount of exact 
information on such subjects is negligible It seems mdeed more 
piobable not that new paths exist separately but that they aie 
merely different fiom the old m that the impulses pass along them 
at too gieat a rate to affect consciousness 

Of intei est appears to be the importance of coincidence in 
time m the foimation of conditioned reflexes Since a neive 
impulse is self - propagating it is reasonably possible that two 
impulses arising at the same time m different parts of the body 
may eventually meet It may be that this hitherto little appreciated 
point may be of fundamental importance m relation to the formation 
of conditioned leflexes 

Some very interesting observations m this relation have been % 
made on animals which appear to throw light on human behaviour 
For example, when an animal has acquired a positive response to 
an object of circular form and a negative one to an ellipse, great 
irritability and restlessness are observed if an object intermediate 
m shape is used The state produced is comparable to that of 
neurasthenia in man 01 the liritability produced when one is unable 
“ to make up one’s mind ” 

It is evident that the learning of so-called tucks by the lower 
animals must depend on similar mechanisms If may be that many 
of the problems of memory do so also, for we can readily say that 
the dog remembers the association of the conditioned with the 
unconditioned stimulus 

Pavlov has been able to differentiate between different kinds 
of neivous systems in regard to the ease with which excitatoiy and 
inhibitory states may be formed Some aie well balanced, others 
less so, he diaws attention to similar differences which occur m 
human temperaments 

It is but a step from the conditioned reflexes just described to 
the phenomenon of acquiring habits or habitual actions, such as are 
involved m learning to nde a bicycle or drive a motor-car The 
movements are, in tire first instance, acquired as a result of conscious 
effort, but subsequently becorno reflex in natuie and no longer 
involve such effort Until we attempt to write or use a knife and 
fork with the unaccustomed hands we scarcely realise how many of 
our actions are reflex m character In relation to posture, for 



704 


EEELEX ACTIVITIES OF THE ANIMAL [CH XLVI1I 


example, we have a large niimbei of inborn reflexes, but m addition 
to these we may by piactice acqune a vast number of otheis, oui 
total capabihty m relation to postural equilibrium being a combina- 
tion of the inborn and the aequned How fai some of the still 
higher activities of the brain may be held to be a similai summation 
of inborn and aequned charac tens tics leads into the realm of 
psychology, which is outside our present piovmce 
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CHAPTER XLIX 


FUNCTIONS OF THE CEREBRUM 

The cerebimn is the seat of those psychical 01 mental piocesses 
which aie called volition and feeling, volition is the starting-point 
m motoi activity, feeling or consciousness is the final phase of 
sensoiy impressions , the con elation of sensations with one another, 
and with volitional impulses so generated, constitutes thought That 
the biam is the organ (01 anatomical con elate) of mind is to-day 
a mattei of such common knowledge that it is almost superfluous 
to mention it m a physiological text-book Yet its functions were 
entnely unknown or only dimly conjectured by ancient philosophers, 
and the ovei whelming importance of the giey matter on its suiface 
m mental phenomena is a discoveiy of comparatively recent date 

The functions of any oigan may be discovered by a variety of 
proceduies, each of which has been applied to the ceiebrum as a 
whole and to its parts 

(а) The relative development of the organ according to position 
m the animal scale 

( б ) The histological structure A study of the cell layers 
suggests the relative importance of the various parts of the brain 
These have already been discussed m relation to the anatomy of the 
cerebrum 

(c) Stimulation — usually electrical 01 chemical 

(d) Extirpation or removal of the whole or pait of the organ 

(e) Diseases of the oigan may be studied In the case of the 
cerebrum these correspond either to extirpation 01 to stimulation 

Of recent years a considerable advance has been made m the 
study of the function of the cortex by the establishment of 
conditioned reflexes (see p 701 ) 

Effects of Complete Removal of the Cerebrum 

The biamless frog which wo have studied in relation to the 
functions of the spinal cord is also a useful object-lesson to teach 
us the uses of the part removed, by observing m what manner 
the animal diffeis from one which has its brain intact If, instead 
of taking a frog, we take an animal lower m the scale, wheie the 
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brain is not so fully developed, the effect of removing that organ 
will be less niaiked, whereas if we remove the brain m a more 
highly developed animal, the simultaneous removal of the brain 
functions will be natuially moie noticeable We have already 
seen that the development of the cerebral hemispheres increases m 
importance as we use m the animal scale 

If the cerebral hemispheies are removed m a teleostean or bony 
fish (and m such animals there is only a rudimentary coitex), the 
animal is to all intents and purposes unaffected , it can distinguish 
between a worm and a piece of string, and will rise to red wafers m 
preference to those of another colour The operation does not 
damage the primary centres of vision (the optic lobes, which corre- 
spond to the corpora quadrigemina of the mammal), and m these 
fishes the eye is the most important sense-organ 



Fiq 273 —Pigeon after removal of the hemispheres (Dalton ) 


A shark, however, subjected to the same operation, is reduced to 
a condition of complete quiescence, this is due to the circumstance 
that in this fish the principal sense organ is that of smell, and sever- 
ance of both olfactory tracts produces the same result as removal 
of the entire eerebium In either case the path between the 
olfactory bulbs and the centres that conti ol the cold are interrupted 
In the frog, we find that removal of the hemispheres only does 
not entirely abolish its apparent spontaneity, it still continues to 
feed itself, for instance, by catching passing insects It is not until 
the thalami are removed also that it becomes a purely reflex animal 
If the brain and the anterior end of the bulb are removed the lower 
centres of the coid are set free, and the result is incessant movement 
provoked by slight stimuli 

A bird from which the cerebrum has been removed remains 
perfectly motionless, sleepy, and unconscious (see fig 273) unless 
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it is disturbed When disturbed m any way it will move, for 
instance, when thrown into the air it will fly But these movements 
aie, as m the fiog, puiely leflex m character, when the animal is 
made to fly its movements are directed by visual stimuli, the visual 
appaiatus being still intact, and it will select a perch to settle on m 
prefeience to the flooi It will start at a noise, it will not eat 
voluntanly, it exhibits no emotions such as fear, sexual feeling, or 
maternal instincts 

In mammals the operation of extupation of the brain is attended 
with such severe luemonhage that the animals die very rapidly, 
but m some few cases where they have been kept alive, the 
phenomena they exhibit aie similar to those shown by a frog or 
pigeon The difficulty of the operation was overcome m dogs by 
Goltz of Strasbourg, who lemoved the ceiebium piecemeal One dog 
treated m this way lived m good health for eighteen months, when it 
was killed m oidei that a thorough examination of the brain might 
be made It was then found that not only the hemispheres but the 
mam paits of the thalamus and coipus stuatum had been removed 
also Though it could still cairy out co-ordinated movements, its 
reactions weie entirely leflex, and memory, emotions, and the capacity 
to learn weie absent 

The highei animal loses just those characters which distinguish 
it from the lower ones It is difficult to piophesy what would 
happen if as extensive opeiations were carried out m a monkey or a 
man But so far as extupation has been observed, the initial paialysis 
(which is seen also m the dog) does not disappear so rapidly or so 
completely In man, the tendency to recover is least 

If we now compaie those effects, it is seen that the lesults 
of the opeiation become progiessively gi eater as we ascend the 
scale The highei the animal, the moie fatal the effects, the 
immediate distuibance more seveie, the return of function slower, 
and the permanent loss greatoi The long life of Goltz's dog was 
doubtless due to the fact that the removal was accomplished by 
several operations 

Tins is anatomically explicable when we remember that m the 
lower animals the pyiamidal pathway is insignificant, and when 
it is m ten up ted the distuibance is consequently slight In animals 
below the mammals it is absent, and going up the mammalian 
scale it becomes moic and moie impoitant, as the following figures 
show — 

In the mouse the pyramidal fibres constitute 1 14 per cent of those in the cord 


guinea-pig „ 

„ 3 0 

** 

rabbit „ 

„ 5 3 


cat „ 

„ 7 76 


man ,, 

, 11 87 

** 
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We can therefore quite leaclily understand that m the apes and 
in man, a damage to the coitex which causes degeneration of these 
tracts will cut off many impulses to the anterior cornual cells, and 
produce a greater or less degree of paralysis 

Decerebrate Rigidity — In addition to these effects the removal 
of the cerebium 1 educes the normal inhibitory effect of the higher 
centres on the leflexes But to produce rigidity the section must 
pass through or below the red nucleus of the mid-brain This has 
aheady been dealt with on p 683 


Localisation of Cerebral Functions 

The different parts of the brain and of its cortex are related to 
different parts of the body The right hemisphere, for instance, 
controls the voluntary movements on the left side of the body, 
and receives sensory impulses from the left side, and vice veo sd 

In each hemisphere there are certain areas, termed motor cweas, 
which are the stai ting-points of those volitional impulses which 
give rise to movements , and other areas primarily concerned in the 
reception of sensory impulses , these are termed sensory areas These 
various areas have been mapped out by means of expenments on 
animals, and by the observation of disease m man 

Before these facts were ascertained it was usual for physiologists 
to say that “ the brain acts as a whole,” and although we do not now 
attach the same meaning to that phrase as did the physiologists of 
the past, it still has an underlying substratum of truth Let us take 
an example, and imagine the smell of an orange , such an abstract 
idea of an isolated sensation is impossible , we cannot think of the 
smell of the oiange apart from the other characteristics of the fruit, 
the smell recalls the taste, the shape, the colour, the act of peeling it, 
fingering it, cutting it, eatmg it, and so forth One sensation due to 
the activity of one area, such as the Olfactory area, calls into play the 
activity of other sensory areas, and of the motor areas, and of the 
links between the sensory and motor areas The brain is acting as 
a whole because its various parts are called into play simultaneously, 
though the whole brain is not concerned m each of the component 
sensations and vohtions associated with any particular mental 
state 

Moreover, the doctrine of cerebral localisation is not accurately 
expressed by the statement that a cortical centre is one, the stimula- 
tion of which produces a definite response, and the extirpation of 
which abohshes the response We shall, foi instance, immediately 
see that the stimulation of certain areas m the dog’s brain produces 
certain movements, but Goltz showed that m his dogs the removal 
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of an entne hemisphere did not cause peimanent paialysis of the 
opposite side of the body 

In the cential nervous system there are few 01 no places 
wheie only one set of neive units aie situated, with fibies passing 
to or from them Eveiy locality has several connections with 
other parts, and also hbies passing through it which connect together 
the paits on all sides of it Hence m extirpating even a limited 
area, numerous pathways aie mteiiupted, and the damage is con- 
sequently widespread Much of the distuibance pioduced at first 
gradually passes away, and the tempoimy effects must be distinguished 
fiom those which aie permanent, the permanent effects have the 
greater significance of the two Moreover, it is cleai that the relative 
and absolute value of any locality m the central nervous system 
depends largely on the degree to which centialisation has piogiessed, 
and on the amount of connection between the various areas The 
closer the connection, the more numerous and intricate the path- 
ways, the gi eater will bo the permanent effects of an extirpation, 
and the lecoveiy of function the more i emote The lower the 
animal m the zoological senes, 01 the less the age of the animal, the 
more imperfectly developed will be the connecting stiands, and so 
the possibility of othei paits taking up to some extent the functions 
of those that are removed will be increased 

The earliest to woik m the direction of localisation weie Hitzig 
and Fritsch The subject was then taken up by Fernei and Yeo, 
and latei by Schafei, Hoislcy, etc, m this country, and by Munk 
and othei s m Gennany 

The mam point which these leseaiches have brought out is 
the overwhelming importance of the cortex, it contains the highest 
cerebral centies Befoie Hitzig began his work, the corpus striatum 
was regarded as the great motoi centre, and the thalamus as the 
chief centre of sensation The idea that the basal ganglia were 
so important arose from the examination of the biams of people 
who had died aftei cerebral hsemonhage, but more accurate 
comparison of the clinical symptoms with the post-moitem find- 
ings has shown that the paialysis caused by the haemorrhage is 
due to injury of the pathways from the cortex ma the internal 
capsule 

The Motor Area — The elucidation of this aiea has been most 
successfully investigated by the method of stimulation The 
best method is that of Sherrington The brain in an anaesthetised 
animal is exposed and stimulated with a weak faiadic current, 
one electrode being placed on the brain, and the other attached 
to an indifferent part of the ammars body This allows of 
finei localisation than is possible with the ordinary double-pomt 
electrodes 
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By such means it has been discovered that the pait of the coitex 
which lies imm ediately 'in front of the fissu?e of Rolando is specially 
related to the motor activity of the opposite side of the body 

Stimulation of the motoi area pioduces movement of some pait 
of the opposite side of the body , excitation of the same spot is 
always followed by the same movement m the same animal In 
different animals excitation of anatomically corresponding spots 
produces s imi lar or corresponding results It is this which has 
made it possible to apply the results of stimulating aieas of the 
monkey’s brain to the elucidation of the function of the similar 
biain of man The actual muscles which contract may be caused 
to vary by stimulation of the sensory part of cortex, and it has 
been found that as one set of muscles contracts theie is lecipiocal 
relaxation of another (see Beciprocal Innervation) 

If the stimulation used is too powerful the movement spreads to 
othei parts, and a considerable poition of the body may be thrown 
into convulsive movements similar to those seen m epilepsy 

The fiist work was carried out by Hitzig and Futsch on dogs 
They found that the motor area was situated m the neighbourhood 
of the crucial sulcus, which probably corresponds to the fissure of 
Eolando m man 

Ferrier marked out the surface of the monkey’s brain into a 

number of circles, stimu- 
lation of each of which 
produced movements of 
various sets of muscles, 
face, arm, and leg, from 
below upwards, extirpa- 
tion of these same areas 
pioduced the correspond- 
ing paralysis It will be 
further noticed (fig 274) 
that these aieas are all 
grouped around the fissure 
of Eolando, particularly m 
fig 274 (Ferrier ) the ascending frontal con- 

volution 

Much of our knowledge concerning the localisation of the motoi 
area in the human brain has been deduced from experiments on the 
lower monkeys Valuable as such knowledge is, infinitely more 
useful knowledge, from the standpoint of the human biam, would 
be obtamed by examining the brains of those monkeys nearest to 
man, which are known as the anthropoid apes The difficulty and 
expense of obtaining such animals have largely deterred mvestigatois 
from performing experiments Horsley and Beevor examined the 
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biam of an oiang-outang some yeais ago, and Sherrington and 
Leyton have made a number of experiments, seveial specimens 
of two species of chimpanzee, the orang and the gonlla, have 
been examined Then conclusions are of great importance The 
next figuie (fig 275) of the chimpanzee’s brain shows what has 



Fio 27» -Bwm of chimpanzee n<fl heimsphoio viowod from side and above so as to obtain the 
conilgm ition of the Kolandic ir< i The llgure involves some foreshortening about both ends of 
tin sulcus untralis ur iissuro of Rolando The extent of the so called motor area on the fiee 
surface of the homisphiro is mdiuitcd by 1 \ ch extends back to the central sulcus 

Much of the “ motoi *' uiea is luddui ms “ c it oxtmds into both the central and 

precc ntral sulci Tim nami h printed in capitals on tin sfcippli d area indicate the mam subdivisions 
of the “motor’ ar< i, the names print* <1 small outsnlt the brain indicate by their pointing lines 
some of the chief subdivisions of the mam aruis But theio is much overlapping of the areas which 
it is not possible to indie ito in t diagi mi of 11ns kind Ihe shaded regions marked “ eyes’ m the 
frontal and occipital regions mdit ito the anas v\ln< li under faradisation yield conjugate movements 
of the eyeballs ^ - s t * *• 1 il sulcus S Pr = superior procentral sulcus I Pr = inferior 

precentral sulcus • \ - - i and Loyton ) 

been found, tlie oiang and the gonlla gave piactically the same 
results, and the human hi am so fax as it has been examined by 
suigeons has given identical results 

The motor area includes continuously the whole length of the 
ascending frontal, or as it is sometimes called, the preeential con- 
volution It nevei extends behind the central sulcus (the fissure of 

z 2 
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Bolando) On the mesial surface it extends but a shoit distance, 
and never as fai as the calloso-margmal fissure The motoi area 
extends also into the depth of the Bolandic and other fissures , the 
part of the excitable area thus hidden equals 01 may even exceed 
that on the fiee suiface of the hemisphere The airangement of the 
various regions of the musculature follow the segmental sequence 
of the cerebrospinal series to a remarkable extent, m fact, the 
excitable area may be compared to the spinal cord upside down 
The preceding figure (fig 275) indicates this better than any 
veibal description 

It cannot fail to strike even a superficial observer how large 
the cortical area is which deals with movements of the head and arm 
regions when compared with that of the lower limb, and still more 
with that of the trunk The trunk itself has a larger mass of 
muscular tissue, but it is in the head region (which includes the 
complex movements of the tongue and such structures as the vocal 
coids) and in the arm and hand that the movements are most varied 
and most dehcate No doubt this is the explanation of the greater 
size of their cortical representation 

It is these finer movements which are most affected by a coitical 
injury, and which exhibit least recovery, m the upper limb, for 
instance, the shoulder muscles will be the least, and the hand the 
most paralysed 

* 

The marginal convolution on the mesial surface of the hemisphere was first 
investigated by Schafer and Horsley, m the lower monkeys They found m these 
animals that it contained a considerable extension of the “motor” area, including 
the cortical centres for the trunk muscles This, at any rate, is not the case for 
the higher apes, and therefore probably is not true for man 

It will be noticed m the diagram (fig 275) that there are two 
regions from which eye movements can be elicited, one is in the 
fiontal lobe, the othei at the occipital pole The frontal eye area is 
the motor centre for conjugate movements of the two eyeballs, and 
m the lower monkeys is continuous with the rest of the motor aiea, 
but m the higher monkeys and man it is separated from the Eolandic 
area by a field of mexcitable cortex The occipital region from 
which eye movements can be obtained is the visuo-sensory sphere 
(see p 717) 

Extirpation or lemoval of the motor area produces paialysis 
of the same groups of muscles as are thiown into action by 
stimulation 

Destruction of the motor aiea leads to degen eiation of the whole 
pyiamidal tract which arises from this legion (see p 624) 

It is impoitant, however, to emphasise the experiments of G-oltz, 
who showed that even if an entire half of the cerebrum was 
removed, the paralysis of the opposite side of the body was 
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recovered from This indicates that othei paits of the bram 
may take on this function, hut thcie is little evidence that it 
occuis in man 

The study ot injury 01 disease indicates that the effect of either 
removal 01 stimulation may he produced An example of the foimei 
is seen m the effect of a hccmonliage on the suiface of the biam 
such as occurs sometimes at bnth It results m a degeneration of 
that pait of tlie ])yi<unidal tiact which is composed of fibres from the 
poition of the cortex injured, and a corresponding region, commonly 
a limb on the opposite side of the body, is paralysed (see also 
“Voluntary Movement ”) 

On the other hand, a tumour 01 a spicule of bone after an 
injury may nutate the motor area and set up movements of one 
particular part of the body ( Jadsonian epilepsy), which may spread 
and cause geneial convulsive seizures The cause of irritation 
is often 1 amoved surgically, and if the surgeon is in doubt of the 
exact legion nutated, he may stimulate the suspected part to find 
if it produces the same movements No more striking proof of the 
value of puiely scientific animal expenment exists than the cuie 
of an individual of Jacksonian epilepsy, and such brain surgery 
emphasises the necessity for knowing the suiface marking of the 
various areas 


The Sensory Areas 

The Sensory Areas — By sinnlai methods it has been found, 
largely m the hist instance by Fcmei m King’s College, London, 
that different parts of the coitex arc related to different sensations 
These are shown m fig 27 G, which has boon deduced from a large 
variety of observations 

Stimulation — In animals, it is difficult to say when a sensation 
is experienced, but sensation is assumed fiom the indirect evidence 
m the form of lellex movements which usually accompany sensation, 
thus on stimulating the auditory ana there is a pricking up of the 
ears, on stimulating biro via ml area there is a turning of the head 
and eyes m the dn eotion of the supposed visual impulse That such 
movements are reflex and not direct, is shown by the long period of 
delay intervening between the stimulation and the movement Some 
expenmen ts have, however, been made on man (see below) 

Baronno has found that chemical stimulation of a sensory area 
by strychnine may cause symptoms of local pain, eg a limp on the 
part of the animal 

Extirpation of a sensoiy aiea leads to loss of the sensation 
subserved Smeo a study of sensation in animals is so difficult 
the majority of the observations have to be made on man 
after injury or disease In Jacksonian epilepsy, foi example, 
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the generalised conTiilsion may be preceded by a sensory aura, 
or indefinite sensation 

The Tactile Area — Volition and the tactile and muscular senses 
are associated together so closely physiologically, that anatomically 
we should expect to find the commencement of the volitional fibies 
not far removed from the terminations of the sensory fibres, and as a 
matter of fact, this is actually the case Some of the sensory fibies 
possibly pass direct into the ascending frontal convolution, but 
the vast majority termmate in its neighbour the ascending parietal 
convolution, which is on the other side of the central or Rolandic 
fissure In the early days of brain map-making, the ascending 
parietal convolution was believed to be a part of the motor aiea, and 
this found expression m such diagrams as those of Eerrier (see fig 



274) A cortical injury in man seldom involves the ascending 
frontal without also involving the ascending parietal, and so loss of 
sensation and motion usually go together The more exact methods 
introduced by Sherrington and Leyton have, however, shown that 
stimulation of the ascending parietal produces no direct move- 
ments , secondary movements may be elicited, just as stimulation of 
the visuo-sensoiy area provokes secondary movements of the eyes 
Extirpation of the ascending parietal, however, leads to no motor 
paralysis, and no degeneration of the pyramidal tracts Histological 
examination of the ascending parietal grey matter shows it, moreover, 
to possess the structure of a sensory rather than of a motor area 
Before this distinction was recognised, the term s^nsor'i-Tnotor was 
used as a comprehensive expression to include the functions of the 
two convolutions one on each side of the Rolandic fissure As 
we shall see later the cortex is particularly concerned with the 
finer varieties of skm sensation, especially those of touch (epicntic 
sensation) 
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The most lomarkable confirmatory evidence legal clmg the sensory 
functions of the post-central convolution was hist affoided by two 
patients, who voluntanly allowed Cushing the oppoitunity of experi- 
mentally testing the point aitei opeiations m which this part of the 
brain was exposed, and when they weie conscious 

In both of them chaiactenstic motoi responses were obtained 
fiom tho piecenti al gyms (ascending fiontal convolution) without 
any conscious sensation, except that which accompanies forced change 
of position m the paits moved On the othei hand, stimulation of 
the post-central gyrus (ascending panetal convolution) pioduced no 
movements, hut gave definite sensoiy mipiessions which were likened 
by one patient to a sensation ot numbness, and by the other to 
definite tactual impressions 

More recent cases which have been recoided have confirmed Cushing’s state- 
ments, and have further shown that the motor and tactile areas for any particular 
region of the body he at the same horizontal level 

Theie is, of coui bo, a close connection between the two convolu- 
tions m question, by slant association fibres passing fiom one to the 
other, and the necessity fot sensation m normally provoking the 
corresponding motoi outllow is also illustiated by the following 
experiment — If tho posterior loots of the spinal neives are divided 
there is a loss of sensation, and so the sense of movement cannot 
reach the biam fiom the muscles, and consequently the muscles 
are not called mto action, when all the posterior roots coming 
from a limb m a monkey aio out, the muscles, so far as voluntary 
movements aie concerned, aie as effectually paralysed as if the 
anterioi loots ot the spinal neives had been cut The muscles, how- 
ever, do not degenerate as they would if tho antenoi roots had 
been cut 

Tho parietal lobe geneially is tho part of the bram which shows 
the highest development histologically Just posterior to the 
sensory region is a large association area whoiem we believe ideas 
regaidmg multiple sensations aie associated If this region is 
destroyed the patient loses tho power of recognising objects by 
touch (aster eognosts) 

The Visual Area —The lower the animal m the series, the 
more readily can its actions Iks controlled by sensoiy impulses which 
have not passed through the cerebial cortex A decerebrated bony 
fish can distinguish coloms, a 1'rog can catch flies, even a pigeon will 
select its pei eh, though it takes no notice of food or of people who try 
to fughten it A dog similarly operated on is piactically blind, 
though it will blink at a bright flash of light In the lower 
animals the impulses pass m to the primary visual centie m the 
optic lobes which acts as the centie for tho leflex, as we ascend the 
animal scale, the path ua the coitex becomes more permeable, of 
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greater value, 01 even indispensable, and the lefiexes through the 
lower centres aie of less importance, not only so, but there are sub- 
divisions of the visual coitical area, which correspond to different 
regions of the retinae 

We may in fact speak of the visuo-sensory field m the coitex as 
the coitical letma upon which the impulses from the actual retina 
m the eye are projected, in a manner analogous to the way m which 
the field of vision is projected upon the actual retina 

In the fishes which have no cerebral cortex, the optic lobes, 
analogous to the G quadngemina, are the centres for vision In 
some fishes, a small number of the fibres of the optic nerves pass into 
the geniculate body, which forms a cell-station on the road to the 
postenoi region of the cerebrum, where a primitive cortex begins to 
appear On ascending the animal scale, this group of fibres becomes 
more and moie abundant, and this part of the cortex becomes more 
elaborate in structure When we reach the monkeys, this part of 
the brain is cut off from the rest by the paneto-occipital fissure to 
foim a distinct occipital lobe This fissure is called the ape’s 
spkt In the lower monkeys this lobe is smooth (fig 246, a, 
p 652), but as the great parietal association centres get larger with 
increase of intelligence, the visuo-sensory area is pushed back, and 
the lobe thrown into folds In the highest apes, and m the lower 
races of mankind, a good deal of the visuo-sensory sphere is still 
seen on the external cerebral suiface, but m the higher races, 
most is pushed round on to the mesial surface This calcarine area 
is also named the stnate area, because it is characterised by the 
white stripe called the line of Gennan m the cortex 

Some animals have ‘panoramic and others stereoscopic vision* 
The former (mainly vegetable feeders) have eyes set laterally, each 
eye receives a different picture, and the decussation of the optic 
nerves is complete, each eye sends impulses to the opposite hemi- 
sphere A nimals with stereoscopic vision have the eyes, as in man, 
m front, and the optic axes can be converged so that an object is 
focussed with both eyes This becomes necessary in carnivora, which 
have to catch moving prey , the more complex the movements of the 
fore-limbs, the greater becomes the necessity for fixation of the eyes 
to guide them In such animals each visual area corresponds with 
e same half of both retmse, that is, with the opposite half of the 
visual fieid, the lower half of each area corresponds with the upper 
half of each half field of vision, and vice versd The appearance of 
the macula lutea(with coitical representation in both occipital lobes) 
m the primates is the culminating point in visual development among 
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A man or animal which loses both eyes is blind, but m 
time manages to find its way about This is not the case 
when blindness is produced by lemoval or disease of both occipital 
lobes, here, the sense of onentation is lost also, foi the 
association of sensoiy memories and motor impulses is then 
impossible 

Removal of one occipital lobe will be followed by different 
xesults m the two classes of animals just referred to In those 
with panoramic vision, the result will be blindness of the opposite 
eye, because the decussation of the optic neive is complete at the 
chiasma But m animals such as monkeys with steieoscopic vision 
(m which the only decussating fibies aie those which come from the 
inner halves of the two letime) removal of one occipital lobe, or 
disease of that lobe m man, produces blindness of the same side of 
each letma, or inability to see the opposite half of the visual field 
This is called hemianopsia, the head and eyes aie turned to one 
side, namely, the side ot injury (conjugate deviation to the side of the 
injury) Such an operation does not destroy vision m the central 
portion (macula /idea) of either retina, because each macula sends 
impulses to both sides of the brain Stimulation of one visual area 
leads to a subjective sensation apparently coming from the same 
halves of both retime, and also excites the solitary colls of Meynert , 
this produces conjugate deviation of head and eyes towards the 
opposite side to that stimulated 

These solitary cells are so called because they are few and far 
between, they are large cells not at all unlike the Betz cells of the 
motor coitex Their axons, no doubt, pass m long association tracts 
to the motor eye centre of the frontal region and to the coipoia 
quadngemma 

The optic radiations consist of (1) sensory fibres fiom the optic 
tracts via the external geniculate bodies and m the lowei animals 
via the pulvmar of the thalamus, (2) efferent fibies to the centres 
for eye-movements, and (3) association fibres, which are last 
developed The last-named link one convolution to others, and the 
two hemispheres together, and bung about association of ideas of 
vision m both hemispheres, and with othei sensations A large 
collection of such fibres runs horizontally through the grey matter 
This white stripe is often visible to the naked eye, it is the 
anatomical mark of the visuo-sen&ory coi tex, and is called the line of 
Gennan The visuo-psyrhic region (fig 276) has no line of Gennan, 
but possesses many small and medium-sized pyiamidal cells m its 
outer layers, which play the pait of association units, where memory 
pictures are stoied and visual sensations correlated with those from 
other sense-organs, the higher one ascends the animal scale, the 
greater becomes the depth of this layer 
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The eye centre in the frontal lobe is separated, m the higher 
apes and man, by mexcitable grey matter from the rest of the 
motor area No cortical centre is purely motor 01 purely sensory, 
and this one, though usually called motor, has its sensory complement 
probably from the eyeballs and eyelids (tugemmal neive legion) 
The newly developed grey matter between it and the Rolandic 
region is an area probably concerned m the association of eye- 
movements with equilibration and the maintenance of the erect 
position, we know, moreover, that the fibres fiom the frontal lobe 
to the ceiebellum (the centre for co-ordination) are veiy numerous 
(see fig 250, a, p 655) 

The Auditory Area is in the posterior part of the upper temporal 
convolution (fig 276) This has been definitely proved by clinical 
obseivation m man, and supported by experiments on animals, 
though it is by no means easy to ascertain whether oi not an animal 
is deaf, but Pavlov’s method of producmg conditioned leflexes has 
now furnished a test It is doubtless surrounded, as aie the visuo- 
sensory aiea and other sense aieas, by a psychic or association 
sphere, and is connected to surrounding parts, and especially to 
the visual area, by annectent gyn A good deal of the auditory 
area is situated m the depth of the postenor limb Sylvian fissure 
where the gyn tiansversales which cross it aie found Destruction 
of one auditory area does not cause obvious deafness since the ear 
is bilaterally represented m the cortex 

Taste and Smell are closely connected , then cerebral area is the 
uncinate and hippocampal gyrus, and the tip of the temporal lobe 
These parts are relatively more important m animals which rely upon 
smell and the oral sense for their guidance This part of the cortex 
is of simplex structure than the rest, and on account of its early 
appearance in the animal scale is known as the archipallium oi 
primitive brain 

Tlie Silent Areas — On referring once more to the maps of 
the bram, it will be seen that there are many blanks , one of 
these is m the anterior part of the frontal region Extirpation 
or stimulation of this part of the bram m animals produces but 
little result The large size of this portion of the biam is very 
distinctive of the human bram, and it has therefore been supposed 
that heie is the seat of the higher intellectual faculties Such a 
question is obviously very difficult to answer by experiments 
on animals A study of the symptoms of tumour of the frontal 
lobe indicates that this part of the bram plays a considerable pait 
m the intellectual functions There are commonly described, as a 
result of such tumours, loss of mental acuity, stupid mistakes, loss 
of memory and of the power to supervise, frequently, however, 
the patient is certified insane, before the tumour is diagnosed 
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The celebiated American ciowbai accident is frequently quoted m 
this 1 elation, owing to the piematuro explosion of a chaige of 
dynamite m one of the Ameucan mines a ciowbai was sent 
thiough the fiontal legion of the foi email’s head, lemovmg 
the anterioi part of his biam Although fit physically when he 
letumed to work, ho was practically useless mentally, having lost 
just those highei functions which are so important m the super- 
intendence of other people Mott’s observations on lunatics show 
that this legion is important for intellectual operations, though not 
so important as the parietal association area behind the Bolandic 
aiea, the gieatei the intellectual development, the larger and more 
convoluted does this parietal region become 

The association fibres have been the subject of special study 
by Flechsig, who has shown that m the development of the 
bram these are the last to become myelinated, white fibres 
do not become fully functional until they receive their medullary 
sheath This coincides with the well-known fact that association 
of ideas is the last phase m the psychical development of the 
child If has been shown that the frontal convolutions aie 
connected by lmpoitant association tracts with the more posterior 
regions of the bram (see fig 249, p 654), and there is therefore 
no difficulty m understanding that the lrontal convolutions play 
the part of a centre for the association of ideas, or m othei words 
for intellectual operations 
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CHAPTER L 


SENSATION 

In discussing the geneial functions of a neivous system we have 
noted that it is concerned with the collection of impulses due to 
stimuli which anse m the envnonment of the individual and fiom 
various paits of the body A ceitain numbei of these impulses 
leach consciousness and give use to sensations 

All sensations experienced normally depend on the stimulation 
by an appropriate stimulus of neive-endmgs which are adapted to 
receive ceitam kinds of stimuli or to appreciate a special quality of 
the envnonment These nerve-endings have, for the special stimulus 
for which they aie adapted, a lower threshold than have the nerve- 
fibres themselves, and make rt possible for a nerve impulse to be set 
up by a degiee of stimulation which would not otherwise be effective 
Fox example, a degree of pressure which would not affect the ulnar 
nerve (the “ funny bone ” of the elbow) will cause a sensation of touch 
if applied to the nerve-endings of that nerve m the little finger 

Nerve- endings have been developed foi the appreciation of a 
laige vanely of stimuli, eg light and colour, sound, smell, pressure 
It is convenient to leave the detailed study of these to later chapters, 
since m some instances, eg the eai and the eye, the specialised 
neive-ending has become much elaboiated 

The stimuli must not only have a special quality but must be of 
adequate strength Too light a touch, too faint a sound, will produce 
no effect on consciousness That strength of stimulus which just 
suffices to evoke a sensation is called the Imnnal (from limen, a 
threshold) * value of the stimulus, or its absolute threshold 

Similarly, the difference between two stimuli must not fall below 
a certain minimum m older that that difference may be appreciated 
If two musical tones are of too nearly identical pitch, if two colours 
are of too nearly identical hue, the difference may be imperceptible 
There is, theiefoie, a Imnnal value for a stimulus difference This 
is known as the differential threshold of the stimulus 

Weber’s law states that the just appreciable difference between 

* Strictly speaking, the limmal value is that strength of stimulus which, m a 
series of tnals, as often just fails as it just succeeds m evoking a sensation 
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two stimuli depends on the ratio of that difference to then magni- 
tudes, and not on the absolute diffeienee between their magnitudes 
Feehnei, aftei bnngiug forward further evidence m favour of the 
law, endeavoured to deduce fiom it the conclusion that the strength 
of a sensation is proportional to the logarithm of its stimulus , m 
other words, that the stimulus must increase m geometrical pro- 
portion for the sensation to increase m arithmetical proportion 
Fechner’s interpretation of Weber’s law is, however, open to senous 
criticism, into which we cannot enter here 

Weber’s law is but an expression of everyday experience A 
r ushlig ht will brighten a dark cellar, but its presence is unfelt m 
sunshine So, too, if a room be lighted by 100 candles, and if one 
candle Itnore be brought in, the increased illumination produced by 
the extra candle would be just perceptible to the eye But if a 
room were lighted by 1000 candles, no appreciable difference would 
lesult from the mtroduetion of an extra candle Ten candles would 
have to be introduced, m order to effect a just noticeable difference 
In each case a difference of one-hundredth of the original strength 
of stimulus is needful to cause a just appreciable difference m the 
sensation, and this is m accordance with Weber’s law 

For light, the fraction is about , for noise, it is about l , for 
cutaneous pressure, it varies between and Jy , for weight, between 
tV and m various parts of the body 

A sensation requires an appreciable time for its development 
Part of this time is spent at the end-organ on which the stimulus 
acts, part in conveying the nervous impulse along the sensory nerve 
to the bram, and part within the bram itself This latent period 
varies in length according to the sensation , eg, it is longer for sight 
than for sound, and longer for pam than for touch 

The sensation outlasts its stimulus Such after-sensations are 
particularly noticeable m the case of sight We know, also, that 
unless the eye is stimulated foi a sufficient length of time we do 
not see objects or movements 

The Impulse — The evidence appears now to be complete that 
the nerve impulse is identical in nature m all neives The impulse 
set up m the optic nerve by light is the same as that set up m the 
auditory nerve by sound The impulses, however, may follow each 
other at very different rates 

Eecently Adrian has recorded by means of wireless valve 
amplifiers and an oscillometer the action currents of many afferent 
nerves, and he finds that this difference m the number of impulses 
set up m afferent nerves m a given time may be considerable He 
has found the impulses set up m a nerve by painful stimulation 
are many more than those set up by touch, and also that the 
outburst of impulses continues longer A single sense-organ m a 
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muscle has been iound to set up impulses with a frequency of thirty 
pei second This lia& been discoveied by using the stemocutaneous 
muscle of the fiog, and by successively cutting off fibres to leave 
only one muscle-spindle An mteiestmg phenomenon is that of 
adaptation, m which it is found that if a stimulus is continued, 
impulses are no longei set up m the neive Thus is explained why 
a needle hints while it is being mseited into the skm but not aftei 
it is m This adaptation appeals to depend on the end-oigans 
concerned In some, such as those of the skm, adaptation occuis 
rapidly, while m the neive-endmgs of muscle it is very slow, a fact 
which no doubt peimits the muscle when subjected to piolonged 
sketching to send out the impulses so important in postuie 

Adaptation plays a part as important in cutaneous as in other sensations The 
same room feels warm to a man who enters it from the street, and cold to another 
who has been m a conservatory Heimg calls the point of adaptation to tempera- 
ture “the physiological zero ” Thus the temperature of the mouth and the lips 
may actually differ by several degrees, yet neither of them will feel hot or cold 
because each is at the physiological zero temperature Sensations of warmth or 
cold arise when the physiological zero is altered they persist until a new zero is 
formed, according to ftivers and Head, adaptation to temperature is impossible 
when epicntic sensibility is absent So, too, heavy weights feel unduly heavy after 
light weights, and vice veisa When false teeth are first worn, then contact is well- 
nigh unbearable , yet later, through adaptation, the discomfort vanishes 

The diffoieiicc in sensation recognised by the individual must be 
due to the “analysers ” m the cential neivous system The impulses 
leaching eeiUm analysers, such as those of sight, aie interpreted as 
light howevei the impulse is set up This was termed by Mullei 
“ The Law of Specific Neive Mneujies” The teim eneigy is a bad one, 
and is not used m a modem physical sense, but the law simply means 
that a neivo of special sense, howevei excited, gives use to its own 
pecuhai sensation Howevei the letma 01 optic neive is stimulated 
light is appi eciated Mechanical, chemical, 01 electrical stimulation 
of the chorda tympam causes a sensation of taste These experiments 
have been earned out duimg surgical operations made for other 
reasons 

The impulse when set up passes into the cential neivous system 
by means of afferent nerves In the case of the cranial neives, 
some aie wholly sensoiy In the ease of the trunk and limbs, the 
impulses pass along fibres winch become incorporated m mixed 
neives and pass into the spinal coid by way of the posterior 
roots Some of the impulses bring about, as we have seen, reflex 
movements, and maj never reach consciousness, eg the impulse set 
up by slight pinching of the finger duimg sleep The majority 
of the stimuli, howevei, dunng the waking horns and even during 
sleep, aie strong, and the impulses which they geneiate pass up the 
spinal cord to the biam (see Afferent Pathways) 
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Classification of General Sensation 

Sensation may be conveniently divided into Special Sensation and 
General Sensation The foimei is that which is appi eciated by highly 
specialised nerve-endings localised m certain parts of the body, eg 
the nose, eai, eye, tongue The latter is not so confined 

General sensation is that felt by the body generally , it may be 
superficial, ie that fiom the skin, and deep, xe that from the 
underlying stiuctures If the nerves to the skm are cut, deep 
sensation remains Superficial sensation includes touch, pain, and 
temperature Deep sensation refers to the appreciation of pressure 
(as distinct from touch), of movement or pain m muscles and joints 
The fibres subserving this sense run with the musculai nerves, and 
accompany blood-vessels 

Both superficial and deep sensations have been subdivided further 
according to their fundamental nature 

Our knowledge of this subject owes much to the pioneer work 
of Head who cut one of the nerves in his own arm, and, in 
conjunction with Rivers, noted accurately the date and other 
particulars of return of function The first sensations returned 
about the eightieth day after the operation, they are termed by 
him, p otopathic Protopathic sensibility depends on definite specific 
end-organs distributed over the skm as sensoiy “ spots,” viz, heat, 
cold, and pain spots When this sensibility is alone present, the 
spaces between these spots are insensitive to cutaneous stimuli, 
the heat spots react only to temperatures above 37° 0 , the cold 
only to temperature below 26° 0 , the sensation radiates widely, 
and is often wrongly localised The tactile sensations of the skin, 
the intermediate temperature sensations, the power to localise them 
accurately, the sensibility of the spaces between the spots, and a 
more refined sensibility to pain, return much later, and this ejpwnfoc 
sensibility is not perfect until many months after regeneration has 
started It is not known whether protopathic and epicutic impulses 
are subserved by the same or by different nerve-fibres 

Recently Stopford has investigated deep sensibility and finds 
that, like cutaneous sensibility, it returns m two stages after 
division and suture of a peripheral nerve A first stage consists 
of the recovery of the ability to appreciate a pressure contact and 
the pain induced by excessive pressure, and a second stage is demon- 
strated by the return of the power to localise accurately a pressure 
stimulus and recognise the position and passive movement of a 
joint Stopford points out that the elements of sensation included 
by Head under the term protopathic sensibility and those of stage 
one m deep sensibility are fundamentally protective m function and 
make their appeal to the thalamus which we know is capable of 
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appreciating crude sensation, whilst those m epicutio sensibility and 
stage two of deep sensibility include the higher and discriminative 
aspects of sensation which aie dependent upon the sensory cortex 
In consequence he suggests the following division of sensation — 


A protective system, composed of 
the piotective elements of sensation, 
in which recovery occurs early and - 
is more perfect, after suture of a 
peupheral nerve 


A discriminative system, composed 
of the discriminative elements of 
sensation, in which recovery occurs < 
at a later time and is less complete 
and perfect 


r Concerned with the recognition of — 

(a) Pam (whether induced by prick 

or excessive pressure) 

(b) Extremes of temperature 

, ( e ) Tactile pressuie 

Concerned with the power of — 

(a) Tactile Localisation 
(?>) Tactile Discrimination 

(c) Recognising position and passive 

movement 

Recognition of fine diffeiences of 
temperature 

^ Appreciation of the lightest touch 


Such a subdivision of sensation is supported by researches m 
comparative anatomy and is m accord with our knowledge of the 
evolution of the neivous system We have already observed that 
protective leflexes take precedence over those more recently acquired 
and that they do not depend on the cortex (See the Plantar Reflex ) 
Nevertheless, divisions of sensation such as those advanced by 
Head and Stopfoid have been criticised by a number of observers 
who have made human experiments, such as Trotter and Davies, 
who divided as many as seven of their cutaneous nerves, and Boring 
who severed only a small bianch of a nerve More recently Sharpey- 
Schafei has contrasted by experiments on himself the recovery after 
division and crushing of corresponding peripheral nerves (posterior 
branch of the internal cutaneous nerve of each arm) The nerve 
seveiely crushed recovered much more lapidly than that cut He 
also emphasises the occurrence of a stage, hyperesthesia or excessive 
sensibility to pam, which accompanies the feeling of numbness 
and lessened sensibility to touch, warmth, and cold Similar 
hyperesthesia has been noticed by most other observers at the 
edge of any paialyscd aiea Sharpey - Schafer suggests that the 
term “piotopatluc ” is nothing moie 01 less than pam, and that 
the hyperesthesia is probably caused by the growing parts of 
the nerve-fibres which subserve pam being hypersensitive These 
correspond to the protective system of Stopford 

Whilst it is not wise as yet to be dogmatic m regard to the 
division of sensation, it does appear that the evidence from both 
clinical experience and comparative anatomy supports strongly the 
mam views of Head and Stopfoid, and their conclusions do seem to 
explain the facts 
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Stopford has given us a convenient view of sensation as a whole 
He points out that at first there is evolved a crude mechanism for 
protection agamst a harmful environment , later on, better percep- 
tion and poweis of discrimination are developed These functions 
are intimately related to the acquisition of better motor contiol 
and vision, and, later still, with the expansion of the cerebrum an 
increasing understanding of tactile perception is cieated It must 
however be understood that each higher stage overlaps, reacts upon, 
and modifies the lower one 

Drugs —Cocaine applied locally depresses all forms of cutaneous sensibility, 
but especially the true tactile sense , carbolic acid acts similarly but less strongly 
Chloroform produces a temporary burning sensation, and then blunts sensibility, 
especially to temperature changes Menthol produces a feeling of local cold because 
it first causes hyperaesthesia of the end-organs for cold , this is followed by a depres- 
sion of the activity of these organs, together with that of those subserving other 
forms of cutaneous sensation 
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CHAPTER LI 


SENSORY NERYE-ENDINGS 

The end-oigans are numoious They may be fiee, around hans 
01 encapsulated 

Pacmian Corpuscles — These aie named after their discoverer 
Pacini They aie little oval bodies, situated on some of the cerebro- 
spinal and sympathetic neives, especially the cutaneous nerves of 
the hands and feet, wheie they lie deeply 
placed m the tine skin They occui on the 
nerves of the mcsentciy of some animals 
such as the cat They have been obseived 
also m the panel eas, lymphatic glands, and 
thyioid glands, as well as m the penis 
They are about ^ inch long Each coi- 
puscle is attached by a nanow pedicle 
to the neive on which it is situated, and 
is formed of sevoial concentnc sheaths 
of connective tissue, each layer being lined 
by endothelium (fig 278), thiough its 
pedicle one 01 mine neive -hbies pass, 
these lose their modullaiy sheaths and entei 
a cential coie, at 01 near the distal end 
of which they teimmato m an aibonsation 
Some of the layeis aie continuous with 
those of the peimeuimm, but some are 
super-added 

End-bulbs aie found m the conjunctiva 
(wheie in man they aie spheiouial, but m F, 0 Q f t 2 h 7 0 7 Pacm.tn cor" 
most animals oblong), nt the glans penis puscies attached, about the 

t t , ,, R * ,, natural size (Adapted from 

and clitons, m the skm of the lips, m the Henie and Komkor ) 

epmeunum of neive-tiunks, and in tendon, 

each is about inch m diameter, oval oi spheioidal, and is 
composed of a modullated nerve-fibie, which teimmates among cells 
of vaiious shapes (fig 280) 
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Touch-corpuscles (Meissner s corpuscles) (figs 279, 281) aie 
found in the papillae of the skin of the fingers and toes They aie 



Fig 27S —Pacinian corpuscle of the cat’s mesen- 
tery The stalk consists of a nerve fibre (N) 
with its thick outer sheath The peripheral 
capsules of the Pacinian corpuscle are con 
tmuous with the outer sheath of the stalk A 
blood vessel (V) enters the Pacmian corpuscle, 
and approaches the end , it possesses a sheath 
which is the continuation of the peripheral 
capsules of the Pacmian corpuscle X 100 
(KLein and Noble Smith ) 



Fig 270 —A touch corpuscle from the 
skm of the human hand, stained 
with gold chloride 



Fig 280 —End bulb of Krause a, Med 
ullated nerve fibre , 6, capsule of 
corpuscle 



1 ig 2S1 —Papilla from the skin of the hand, freed from the cuticle and exhibiting Meissner’s corpuscles 
Papilla treated with acetic acid, a, cortical layer with cells and fine elastic filaments, b, 
tactile corpuscle with transverse nuclei , c, entering nerve , d and e, nerve fibres winding round 
the corpuscle x 850 (Kolhker) 


oblong, about inch long, and -gfa inch broad , each is composed 
of cells cut off originally from the lower layer of the epidermis, 
and surrounded by a connective-tissue sheath They do not occur 



SENSORY NERVE-ENDINGS IN MUSCLE 


735 


OH Li] 

in all the papilla:; of the parts where they are found, and, as a 
rule, m the papillae m which they are present theie aie no blood- 
vessels 

The neive winds lound the corpuscle before it enters (fig 279), 



Fxo 2S2 — 1 Termination of moduli ited 
norvo Ilhi os m tuition noai tlio mua 
cular insertion (Golgi ) 



Fig 283 — One of the reticulated end plates 
of tig 282, more highly magnified, a, 
Mednllated nerve fibre , b, reticulated 
ond plato (Golgi ) 


then loses its medulla* y sheath, its axis-cylinder blanches, and the 
branches temunate within the corpuscle 

Hairs aie impoitant oigans of touch, paiticulaily m the whiskers 
of the caunvota Here a neive netwoik sunoimds the base of the 
han 

Sensory Nerve - endings in Muscle — Nerve terminations 
are found m tendon and muscle They are not only sensory, but 



also give rise to the important afferent impulses concerned wrth the 
maintenance of posture and equilibrium Some of these are end- 
bulbs, and others appeal very much like end-plates, as represented m 
figs 282 and 288 The neuro-muscular spindles, one of which is 
shown in the accompanying drawing (fig 284), aie principally found 
m muscles m the neighbourhood of tendons and aponeuroses 
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The principal giounds foi believing the neuro-musculai spindles 
to be sensory are, fiist, that the neive-fibies that supply them do 
not degeneiate when the antenor loots of the spinal nerves are cut, 
and secondly, that they do degeneiate when 
P 0S ^ eri0]L roo ^ s aie divided (Shenmgton) 
e iecent yeais moie and more importance 
has been attached to the tendon organs * 

In addition to the special end-organs, 
^ sensoiy fibres may terminate in plexuses 
of fibrils, as m the sub-epithelial and the 
mtra-epithelial plexus of the cornea (fig 285), 
and around the hair folhcles m the skm 
geneially (see fig 219, p 596) 

These free nerve-endings also exist m 
the skm and aie considered to be responsible 
j foi pam laigely because the cornea of the eye, 
which has fiee nerve-endings only, appears 
to appreciate little else than pam There is 
evidence, however, that pam may be caused 
by the stimulation of othei neive-endings also 
In some cases the nerve-fibiils within a 
stratified epithehum end m crescentic expan- 
sions ( [tactile discs) which are applied to the 
deeper epithelium cells These are found m 
the skm of the pig’s snout 


" The Special Senses 

Fig 285 —Vertical section of 

rabbits cornea, stained It must be realised that the eye and the 
nerves, terminate m a ear, etc , are essentially highly specialised 
thTepithehai layer, T tlim nerve-endings which, like those of the skm, 
are developed fiom the ectoderm or outer layer 
of the embryo The details of then structure are considered later 


Cutaneous Sensations 

The surface of the skm is a mosaic of tmy sensorial areas , these 
areas are not set edge to edge as m the retma, but aie separated 
by relatively wide mtervals which are not sensitive to stimuli just 
above li mi nal mtensity If the stimuli aie made nearly minimal, 
the mdmdual fields are reduced to small spots Each of these spots 
subseives a specific sense, touch, cold, heat or pam, and each 
doubtless coincides with the site of some special end- organ, placed 
either singly or m clusters The “touch spots,” “cold spots,” 

* It is considered that the tendon organs are concerned in the tendon stretch 
reflexes, while the spindles are protective and prevent excessive contraction as m 
the lengthening reaction (Denny Brown) 
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are the xesult of the stimulation of different end-organs, and that the 
impulses are conveyed to the central nervous system by different 
groups of neive-fibres , they moreover form the clearest piece of 
evidence we have that pam is a distinct kind of sensation 

The question is more difficult to answer, which particular end- 
organ is concerned with each variety of sensation There is, how- 
ever, little doubt that the neive-fibrils aiound the hair folhcles of 
the short hairs are the terminations most affected by changes of 
pressure, and also that Meissner’s corpuscles are purely tactual, 
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Fig 286 —Heat and cold spots on a sq cm of the back of the band 
(Somewhat enlarged , after Donaldson ) 

The black dots represent cold spots, their size indicating the strength of the reaction, the circles 

represent hot spots 

taking the place of hairs m hairless parts In the palmar surface 
of the last phalanx of the mdex finger, there are 21 Meissner’s 
corpuscles per square centimetre, m other parts of the palm and 
sole the number varies from 2 to 8 End-bulbs are believed to be 
the organs for cold , they are most numerous m the conjunctiva and 
glans perns, where “ cold spots ” are almost exclusively present The 
end-organs m “ heat spots ” have not been identified with certamty, 
but they are probably larger, and placed deeply in the skin 

As compared with the sensation obtained from pam spots, touch 
is quicker m both development and subsidence Thus vibrations of 
strings are recognisable as such by the finger, even at a frequency 
of 1500 vibrations per second A revolving wheel with toothed edge 
gives a sensation of smoothness when the teeth meet the s km at the 
rate of from 480 to 640 per second 
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CHAPTEE L1I 


THE SENSORY PATHWAYS 

Grouping m the Spinal Cord — When the impulses underlying 
sensation reach the spinal cord by way of the posterior loots (see 
p 727), they aie soitcd out according to their nature and are carried 
up the cord by bundles of fibres, each bundle being responsible for a 
particular sensation These bundles are known as the senso?y tracts 
of the coid, which we must now considei With the exception of 
the postenoi columns of Roll and Burdaoh, which we have seen are 
composed of axons of colls in the postenoi ganglion, the ascending 
tracts aie the axons of cells m the neighbourhood of the posterior 
horn (substantia gelatmosa of Rolando and Claike’s column) 

Muscle and Joint Sense — By this sense we become aware of 
movement and of the position of the limbs The efficiency of this 
sense can be gauged by the power of the individual to place one 
limb m exactly the same position as the other although the eyes 
are closed Muscle sense depends on the degiee of compression of 
the sensoiy nerve-endings or muscle spindles m the muscles and 
the analogous endings m tendons Through this sense not only 
do we become aware of muscular movement, but also by the help 
of related associations we estimate weight The appreciation of 
weight does not depend on impulses of cutaneous origin, since it is 
retained m an individual whose skin has been rendered insensitive 
by cocaine or by disease 

We have already remarked m relation to the cerebellum that 
all the impulses which arise m the muscle do not reach conscious- 
ness Those which are concerned with posture and equilibrium 
pass up m the cerebellar tiacts to the pons, mid-bram, and 
cerebellum 

The impulses winch do reach consciousness pass into the central 
nervous system by the posterior nerve-ioots and pass at once via 
the columns of Roll and Burdach in the posterior part of the cord 
of the same side, to the nucleus gracilis and nucleus cuneatus m the 
medulla Thence they are relayed by other neuiones to the thalamus 
of the opposite side, the actual crossing taking place at the decussation 
of the fillet m the upper part of the medulla 
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Vibratory sensation, %e, appreciation of vibrations such as 
those of a tuning-foik, has a similar pathway The receptors appeal 
to be situated m the bones 

Touch — The neive-endings concerned with touch appeal to be 
the Meissnei’s coipuscles m the skin, and the Pacinian bodies for 
deepei sensation The impulses of tactile discrimination, % e , the 
power of the individual to distinguish between adjacent points on 
the body suiface, travel up on the same side of the cord m the 
postenoi columns with the impulses of muscle and joint sense 

The impulses of tactile localisation, 01 power of localising a 
touch, on the other hand pass up the posterior columns, but after a 
few segments cioss to the opposite side to occupy the anterior parts 
of the spnio-thalamic tracts close to the fibres carrying impulses of 
tempeiatuie and pam 

The impulses of light touch, tactile sensibility, have a double 
pathway, some going with the impulses of discrimination, and some 
with those of localisation In the micl-bram the bundles carrying 
the vanous foims of touch become somewhat separated, and a lesion 
may affect one vanety without affecting the others 

Temperature and Pain — The impulse m each instance begins 
at the neive-endmg ° 

There is evidence that the end-bulbs of Krause are responsible for sensation for 
cold, but the endings responsible for pam are probably varied In the skm it seems 
that the free nerve-endings perform this function, since m the cornea of the eye, 
where only such endings exist, pam only is appreciated Pam from the internal 
organs is more difficult, since, as pointed out by Herring, it is, for example, difficult 
to imagine that nature should provide a special nerve-endmg for pam m the ureter, 
where it may never be required It seems probable that other forms of nerve- 
endmg may be concerned The organs for heat are uncertain 

The impulses are conveyed by the posterior root-fibres to the 
central nervous system, where they pass almost immediately to 
the more postenor part of the spmo-thalamic tract of the other 
side of the cord We know this largely from studying the disease 
synngomyelia, in which there is an enlargement of the central canal 
of the cord, due to degeneration of the surrounding nerve-tissue, 
the morbid process cuts across the decussating fibres and there results 
loss of tactile localisation and of sensations of pam, heat, and cold in 
the segments in the neighbouihood of the lesion, although tactile 
diseummation is unaffected (dissociated anaesthesia) In this con- 
dition, seveie injury, such as burning of the fingers with a cigarette 
may occur unknown to the patient He may not let the cigarette 
drop as his muscle sense and tactile discrimination may be normal 

It must be understood that this consideration of the pathways 
for pam and temperatuie togethei is merely one of convenience 
I he, impulses conveying the sensations aie earned by different 
bundles, as is seen by the fact that certain lesions of the cord may 
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abolish, for example, heat, and leave cold unaffected Cutaneous 
and deep pain may also not be affected together, but this is probably 
explained by the fact that the subserving fibres do not enter by the 
same spinal roots 

The Thalamus 

Eventually all the impulses of general sensation reach the 
thalamus wheie they aie felt indistinctly, but fiom which they axe 
sorted out again and aie chstiibuted by way of the posterior part of 
the postenoi limb of the internal capsule to the sensory aiea of the 
cerebial coitex 

The thalamus infoims us if a body is hot 01 cold, but cannot 
differentiate more accurately between finer differences of tempera tuie, 
nor can it tell the size 01 shape of an object Similaily the thalamus 
can appieciate only ciude pain, which it cannot localise In some 
of the lower animals m which the cerebrum is scaicely developed, 
eg fishes, the thalamus acts also as a motoi aiea 

Sensation from the face depends on the fifth cranial nerve, the sensory nucleus 
of which sends fibres to the opposite thalamus 

Thus we see why it is that in disease there may be a great lack of 
correspondence between the degree to which the various sensations 
are lost It is to be observed that the fibres conveying impulses 
concerned with posture and equilibration, and which arise as collaterals 
from those which carry the true sensoiy impulses, remain m the cord 
on the side of entry close to the tracts carrying the sensory impulses 
until the medulla is reached, when each goes its separate way, sensoiy 
to the thalamus on the other side, and non-sensory to the cerebellum 
if the same side 


Tlie Significance of Sensation 

It is an important physiological tiuth that the significance of any 
jiven sensation to any mdividual depends on the cncumstances m 
vhich it is experienced or m which a similar sensation has been 
experienced m the past This is simply demonstrated m the old 
experiment of Aristotle If a pencil be placed between the crossed 
ore and middle fingers there is a sensation of touching two 
)bjeets The pencil is touched by two surfaces, which, under 
udinary conditions, could only be touched by two separate objects, 
md m the light of past experience we conclude that two objects 
lave been touched, legardless of the fact that the fingeis are crossed 
tfany other errors of judgment depend on similar past experience 
We may assume that minute areas of the body surface have 
ach their local sign , le the sensation arising from stimulation of 
>ne area differs in some obscure quality from the sensations arising 
rom stimulation of neighbouring areas, theieby acquiring its own 
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spatial colouring winch enables ns to identify the aiea when 
stimulated The difieience of local sign between two neai points 
may be impel cep tible m one legion of the body, but fully 
lecogmsable m anothei Again, the delicacy of the sense of touch 
may be veiy much mci eased by practice A familiar illustration is 
seen m blind people, who, by constant practice, can acquire the 
powei of leading raised letteis, the forms of which are almost if not 
quite undistmguishable by the sense of touch to an ordinary person 
The extent to which two points of a pair of compasses can be 
discriminated vanes appreciably m different parts of the body 
(Webei) A few results are as follow — 


Tip of tongue ^-mch 1 mm 

Palmar surface of third phalanx of foiefinger iV ,, 2 ,, 

Palmar suiface of second phalanges of fingers } „ 4 ,, 

Palm of hand ,, 10 ,, 

D oi sal suiface of fiist phalanges of fingers T 7 7 ,, 14 , 

Back of hand 1 } „ 25 , 

Uppei and lower parts of forearm 1^ „ 37 , 

Middle of thigh and back 2 V ,, 62 „ 


In the skin of the limbs, it is found that befoie they aie recognised as 
two, the points have to be further sepaiated when the line joining them 
is m the long axis of the limb, than when m the transverse direction 
The different delicacy of local signature possessed by different 
paits may give rise to euois of judgment in estimating the distance 
between two points whole the skm is touched Thus, if the blunted 
points of a pan of compasses (maintained at a constant distance 
apart) are slowly drawn over the skm of the cheek towards the lips, 
it is almost impossible to resist the conclusion that the distance 
between the points is gradually increasing When they reach the 
lips they seem to be considerably further apart than on the cheek 
Then, too, our estimate of the size of a cavity m a tooth is usually 
exaggerated when based upon sensations derived from the tongue alone 
When, as occurs under certain conditions, an object is adjudged 
different from what general experience teaches us to be its “real” 
character, we have an Thus a line or figure may appear to 

be longoi oi shorter than it really is, or to take a direction different 
from its real direction Or a weight may appear heavier than 
another which is really equal to it Illusions aie due partly to 
peripheral, paitly to ccntial factors Then investigation falls within 
the province of experimental psychology 

Similarly it will be remembeied that oui estimations of size aie 
commonly dependent on expenence We presume, for example, 
that lamp-posts do not change m size in the same stieet A drawing 
of a street, theiefoie, m which the perspective is wiong m relation to 
the lamp-posts may grve a completely erroneous idea of relative sizes 
The significance of a sensation also may depend on immediately 

2 A 2 
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previous sensation For example, water at 30° C is hot to a hand 
which has pieviously been in ice-cold watei but is cold to a hand 
which has been m water at 50° 0 

A stimulus which certainly will set up an impulse which reaches 
consciousness normally may, m certain circumstances, not do so 
Injuries received m excitmg games are often not appreciated at the 
time of the injury Still more interesting, fiom the medical stand- 
point, is the fact that m hysteria an individual may be convinced 
that she cannot feel m a certain part of the body and gives no 
reaction to a severe stimulus to the part Purely psychical treat- 
ment causes recovery Similarly, a kiss from a mother may make 
better in a child a hurt which by adult standards must be quite 
painful All these facts point to the importance of the conscious 
element m sensation and are also of first importance m relation to 
the appreciation of pam 

It is evident that the impulses which pass up certain paths have 
a certain significance This we have already referred to m relation 
to reflexes For example, an individual who has had a leg amputated 
may experience pam in the limb that is off if the nerve-fibres which 
formeily supplied the leg are stimulated thiough involvement of 
their cut ends m the scar 

Referred pam is an analogous phenomenon Thus pam, the 
impulses of which are transmitted by the sixth dorsal root is referred 
to that part of the body fiom which we have had previous sensory 
experiences, namely the shoulder-blade, although in reality it may 
arise from the passage of a gall-stone down the bile-duct Each 
spinal neive con tarns afferent fibres from an internal organ as well 
as fro m the skin and errors in the situation of a disease on the 
part of the patient may leadily occur Commonly, however, as soon 
as the patient realises that pressure with the hand m a certain 
region elicits the pam, the latter is no longer referred to a 
superficial area but to the organ lying underneath 

Conditioned pain 1 *— Any movement which in the past has 
been associated with a painful stimulus, may cause a reaction like 
that of the painful stimulus A threatened pin-prick may cause 
a reaction, eg of the circulation, like that of an actual pm-prick 
(See vasomotor Eeactions) 

It looks as if a process of “ conditioning ” was possible m relation 
to sensation smce every sensation may acquire a significance which 
may bear httle or no relation to the elementary quality of the 
sensation The subject is closely related to “ conditioned reflexes” 
but has been httle investigated 

These facts are of great importance in disease For exam ple 
pain on movement may have been associated with an injury, but the 

* So far as the author is aware this term has not been used elsewhere 
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movement may continue to cause pam long after the injury has been 
recovered fiom This state is seen also m pet animals 


Visceral Sensations 

Accurate and discriminative sensibility of varying nature is a 
special characteristic of the cutaneous area Less elaborate sensibility 
is found m other paits also, but m most internal structures of the 
body it is limited to pam The oesophagus and anal canal alone seem 
to be endowed with the temperature sense, the feelings of warmth 
and cold on swallowing liquids of different temperatures are entirely 
ref ei able to the upper poition of the alimentary canal Hurst’s 
experiments place this beyond question , immediately the food has 
passed into the stomach we are unaware of rts temperature except 
by the warming 01 cooling of the neighbouring portion of the gullet, 
or the skm overlying the viseeia 

Pam is the most widely distributed sense m the body, hut m 
internal organs is not localised accurately, and it is here that the 
"referred pains” m corresponding slan areas (see p 746) are useful 
for diagnostic purposes Pam, however, is not produced m the 
viscera by handling 01 even by cutting 01 burning it appears to be 
associated with excessive action, stretching, and with inflammatory 
conditions which involve the sensitive panetal layer of the peri- 
toneum Inflammation of the seious membranes is an exceedingly 
painful condition — for instance, m pleurisy and peritonitis — but this 
condition, pci be, does not apparently cause any lef erred pam or 
tenderness m cutaneous areas In connection with the question of 
referred pam, we must mention the pathological condition known 
as allochemco , when the skm sensations m any given area are 
depiessed, stimulation of that area may give rise to sensations which 
are referred to the corresponding area on the other side of the body , 
it appears to be a general rule, as Head first pointed out, that the 
mind projects sensations arising from an area of low sensibility to 
that area of higher sensibility which is related to it most closely by 
connections within the central nervous system, and this underlies the 
causation of referred visceial pains, and of allochema 

There are, howevei, special kinds of sensation arising fiom 
internal viscera which have no counterpart m the sensations of the 
cutaneous surface Of these, hunger and thirst are the most familiar 


Hunger 

When slight, hunger is termed appetite, and there is some differ- 
ence of opinion whether the two are separate sensations, or only 
different m degree Appetite is referred to the stomach, and is 
a normal sensation, which arises at an interval aftci a meal, and 
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as xs well known it is intensified by musculai exertion, especially 
if the air is cool It has been suggested that the oxidation processes 
which occur in the muscles pioduce some substance or substances 
which excite the sensoiy neive-teimmals m the stomach In 
diabetes, where oxidation runs an unusual couise, carbohydrates 
escape oxidation to a large extent, and intense appetite may be 
present in spite of abundant feeding 

Hungei is due to pionounced motor activity of the stomach, this 
excites the sensory nerve- terminals there (Hurst), these movements, 
and therefore the sensation of hunger, can be temporarily appeased by 
filling the stomach even with indigestible or non-nutntious material 
Cailson has shown that the movements are reflexly inhibited when 
food enters the mouth and is masticated , the nerves of taste act as 
the afferent channel for the reflex , hence the feeling of hunger passes 
off long before absorption of food begins These observations confirm 
the view that its ongm is a local condition set up in the stomach by 
its condition of emptiness, and that it is not immediately due to any 
general change in the nutrition of the body as a whole We must, 
however, recognise that the gastric sense is a complex one, as is 
illustrated by the aversion for food felt during monotonous diets or 
after over-feeding, or when certam ai tides of diet are taken, but 
the explanation of these and similar phenomena we do not know 


Thirst 

Thirst is a sensation referred to the phaiyngeal legion rather than 
to the stomach, and appears, like hunger, to be a protective signal, 
locally excited to warn the living organism of the necessity for regu- 
larity m the intake of nutriment Although its intensity increases 
with the loss of water from the body, leading to a lessening of the 
saliva secreted, probably as a result of a slight increase in the osmotic 
pressure of the blood, it occurs normally long before there is any 
serious upset of the normal relationship of the water percentage 
of the tissues It is appeased immediately by the administration 
of fluid, and although fluids reach the absorbmg surface of the 
duodenum sooner than was formerly supposed to be the case, it is 
unquestionable that the relief of thirst is mainly the result of 
moistening the local surface, the impulses from which excite the 
sensation Thiist may be produced by drying the throat artificially 
This accounts for the thirst which results from the taking of 
excessively salt 01 sweet ai tides of diet Meie physical drying of 
the throat (Cannon's “false thirst”) produces a similar sensation and 
is relieved by the local application of water without its necessarily 
being swallowed A fuither proof of the local nature of thirst is seen 
in the fact that it is abolished by painting the back of the tongue 
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with cocaine, a cling which paralyses neives and neive-endmgs 
Thirst which is due to piolonged deprivation of watei is not a mere 
local sensation, hut is produced by loss of water m the tissues gener- 
ally, exciting widespread sen soi y terminations therein, the bodily and 
mental anguish experienced aie then of an intense character 

The independence of the two sensations hunger and thirst is well 
illustrated m many diseases, wlieie a loss of appetite occurs without 
any corresponding loss of dcsue for fluid 
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CHAPTER LIII 


THE HIYSIOLOaV OE CONSCIOUS STATES 

The conscious state is of great geneial interest and medical import- 
ance, but unfortunately wo aro far fiom a clear understanding of 
its nature 

It is sometimes aigued that states of consciousness are the 
pioduct of the activity of nerve-coils, just as bile is the product of 
the activity of the hvei-coll, or as conti action lesults fiom the 
activity of the mtibole-fibie But this analogy will not beai close 
investigation It is, ho we vet, true — 

(1) That the different senses aie dependent foi their manifesta- 
tion on the mtegnty ot different definitely localisable areas of the 
cerebral cortex 

(2) That such drugs as alcohol, caffeine, and chloioform, which 
have a known action on living substance, also affect the couise of 
conscious processes 

(3) That disease or malformation of the brain is accompanied by 
impairment oi absence of intelligence 

But because nervous substance is essential foi the manifestation 
of conscious states, one cannot legitimately infer that this substance 
produces those states Indeed, by a vast number of philosophers a 
very different position lias been upheld So fat from believing that 
mind results horn the activity of living matter, they have insisted 
that all matter, In mg and lifeless, lesults fiom the activity of mind 
They maintain that, were it not for mental activity, theie would be 
no conception, nay not even existence, of those qualities (eg , sound, 
colout, force, weight, hardness) of which our non-mental woild of 
matter is composed 

There is no difficulty m accepting the statement that bile is 
secreted by the liver , m this case the pioduct is physical, and it is 
produced by physiological (? , presumably, by chemical and physical) 
conditions On the other hand, if we state that consciousness is 
secreted by the In am, we arc linking together two sets of phenomena, - 
the psychical and the physiological, between which a connection is 
inconceivable 

Consequently, instead of stating that physiological activity is the 
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cause of mental (or psychical) activity, it is more satisfactory to 
assume that the two activities run parallel with one another, and. 
to recognise that the nature of their relation is unknown This 
conception of psycho-physica l parallelism affords the physiologist by 
far the best woi kmg hypothesis It leaves unanswered the great 
question whether brain ever acts on mind, or mind on the brain— 
which of the two is the master or the servant of the other It 
merely implies that a change in nerve substance underlies eveiy 
psychical change , and it bids the physiologist investigate the 
functions of the nervous system, and determine what structures 
are called into activity m the development of various conscious 
static s 

We must recognise that, however completely we may one day 
have mapped out the functions of the various parts of the brain, we 
shall nevertheless not have approached a step nearer towards under- 
standing the relation between the data of physiological and psychical 
activity If we knew the function of every nerve-cell of the body, 
the gap between the material and the mental would not be a bit 
less wide Just as a ray of light cannot see itself, so we cannot 
expect to understand consciousness from a mere study of cerebral 
function 

It is therefore imperative to avoid confusion between the two 
aspects involved m this psycho-physical parallelism The psychical 
is one language, the physical (le the physiological) is another, 
and the two vocabularies must be kept distinct from one another 
Psychology and physiology stand in the relation of an object and 
its mirroied reflection To confound object and image — to speak, for 
instance, of a sensation (instead of an impulse) being transmitted 
along a nerve-fibre— is to blur and to confuse two distinct 
sciences 

The psychologist distinguishes three modes m which conscious- 
ness is manifested These are (1) the cognitive, (2) the affective, 
and (3) the conative modes Through the cognitive mode we become 
aware of the object thought of Owing to the affective mode, our 
state of consciousness is toned with pleasure, indifference, or dis- 
pleasure The conative mode manifests itself as a striving oi “ felt 
tendency ” towards an end In every state of consciousness these 
three modes are present, but their relative prominence is always 
different For example, in perception, in memory, or imagination, the 
cognitive element is to the fore, m love, sorrow, or doubt, the 
affective element predominates , while m intense desire, the conative 
element is most easily recognisable Into the physiology of affection 
and conation we shall not enter here They receive adequate 
attention in books devoted to physiological and expenmental 
psychology 
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A conscious state implies also a contrast between what is 
outside of out solves (the ohjett) and out feelings and strivings m 
connection with it, which ate spoken of as subjective The existence 
of this “ subject-object i elation ” implies the activity of an Ego, which 
expenonces conscious stales, winch is cognisant, feels 01 strives 
Indeed no state of consciousness is ever possible, unless experienced 
by the Ego In be<ommg manifest, it blends with the Ego, and is 
modified 01 latliei determined by the Ego's pievious experiences, 
and m turn it modifies the Ego Tims the Ego everlastingly moulds 
and is itself moulded by its own states of consciousness or 
experiences Consequently, states of consciousness are not inde- 
pendent units The mind, like its physiological correlate, the central 
nervous system, works as a single, unitary entity, despite its 
complex differentiation 

From one aspect, “ states ” of consciousness is an inaccurate 
expression The essential features of consciousness are its incessant 
change and its intimate 1 elation to past and futtue consciousness, 
whereas the won! s fate implies a penod of lest and a certain isolation 
or independence Save for this difficulty, it would be possible to 
regard a given state of consciousness as the cioss-section of a stream 
which is always flowing The simile may be deemed of value, m so 
far as it allows us to ropiesent different levels of conscious states 
At any moment, them is always part which is m the focus, or full 
glare of consciousness, ami part of winch wo aio dimly conscious or 
wholly unconscious, but of winch wo may at any moment become 
conscious — for example, the ticking of a clock m the loom or the 
pressure of a pipe between the teeth while these lines are being 
written or road We may imagine that as the evei changing s beam 
of consciousness flows on, diffemit portions come to the surface at 
cliffei out times and under different conditions, while others fall below, 
often to such a depth that they pass beyond the margin of 
consciousness 

On the physiological side, we see the analogue of these streams 
m the streams ot nervous impulses which are perpetually coursing 
through the brain, The pattern of those stieams is likewise always 
changing And we may suppose that some patterns are incom- 
patible with the simultaneous occmrence of certain other patterns 
In this way, we may form a physiological conception of the basis of 
inhibition, the pattern which inhibits and that which is inhibited 
cannot coexist This has doubtless been developed m evolutional 
history owing to the necessity of adjustment to environment 

We may regard the physiological conelate of consciousness as 
a state of lesistanoe to the onward passage of the nervous impulse 
When the resistance is high, there is consciousness, when it is low, 
there is none Thus when any new action (such as skating or 
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bicycling) is being learnt, the resistance is, as we should expect, 
high But the more often that act is repeated, the lower becomes 
the resistance, until ultimately the act becomes a habit and is per- 
formed in the complete absence of consciousness fai more surely 
and rapidly than in the eailier stages of learning It must be borne 
in mind, however, that this conception of lowered resistance is purely 
hypothetical In relation to reflexes we have seen that a resistance 
occurs at the synapses, where the dendritic processes of one neurone 
meet those of another 

The hypothesis is at all events valuable m so far as it contradicts 
an old and erroneous conception that, as an action becomes habitual 
and no longer accompanied by consciousness, the nervous impulses 
quit the higher parts of the bram and confine themselves to the 
subcortical and spinal regions There can be no doubt that nervous 
impulses pursue the same course m the bram, whether at one moment 
consciousness is present, or at another absent (See Conditioned 
Reflexes ) 

In the spinal coid, on the other hand, there is no evidence of the 
presence of consciousness The acts which are executed by the 
isolated cord aie reflex In so fai as they are unaccompanied by 
consciousness, they are comparable to habits acquired by training m 
the higher paits of the nervous system 

Within certain limits, reflex actions can be predicted If we 
apply a known stimulus to the afferent portion of a reflex system, 
we can with fair confidence predict the result of the stimulus on the 
efferent portions connected therewith When, on the other hand, the 
stimulus involves the manifestation of consciousness, prediction is 
almost impossible , the nervous connections are so complex, and the 
nervous impulse may wander m such a variety of directions, that 
one cannot foiecast accurately how an individual will behave under 
the influence of external circumstances 

It is, howevei, interesting to speculate how far the behaviour 
of an individual depends on the cucumstances m which he has been 
placed during his life-time, ie } on the sensory impulses which he 
has received, and how far it depends on inborn characteristics (See 
Posture ) 


Loss of Consciousness 

Whatevei views may be held concerning the ultimate meaning 
of the JEgo there is no doubt that mental activity is dependent on 
the physical integrity and association of the neurones which make up 
the central nervous system If loss of association is produced by 
disease or actual rupture of these component units, the psychological 
manifestations of cerebral activity suffer in proportion to the amount 
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of injury The broken structures do not regenerate, and theiefore 
xecovery of function does not occui except m such degiee as can be 
explained by othei neivous pathways taking the place of those 
which are lost 

There are, however, other cases wheie the loss of function is only 
temporary , the most familiar of these are due to a severe physical 
shock (concussion) of the bram Everyone is famihar with the 
fact that the loss of consciousness which follows such an accident 
passes off entirely In these cases there can have been no actual 
rupture of the associated neurones, and it is usual to speak of the 
temporary loss of association which occui s as “ functional,” although 
we are ignoiant of the actual physical state which underlies 
the dissociation During the last few years these cases (“ shell- 
shock”) have been the subject of special study, and m many 
of these severe examples of concussion, the reassociation of 
the functionally sundeied neurones has occurred quite suddenly, 
recovery of lost faculties (sight, healing, speech, etc) has not 
infrequently followed as the result of a fiesh peiturbation, mental 
or physical 

The accompanying diagram (fig 288), for which we are indebted 
to Sir F Mott, will assist the reader m grasping what Hughlmgs 
Jackson called the levels of association m the sensory receptive aiea, 
and the grades of the loss of consciousness which accompany dissocia- 
tion at those levels The lowest level is the situation of the associa- 
tive synapses between the entering sensory neuiones, and the cortical 
receptors, namely, the cells of the “ layer of granules 53 Dissociation 
here means loss of consciousness The next level is that at which 
incoming association fibres from distant convolutions aibonse round 
these “granules 33 , here dissociation means loss of recognition, a want 
of the power to associate together what one sees oi hears, etc , with 
the usual perceptions of objects In the highest level of all (the layer 
of pyramids associated by the units m the tangential or molecular 
layer, and with the “ granules 33 m the layer below) dissociation will 
involve such higher mental operations as those covered by the word 
recollection 

Severe shocks which produce “functional” dissociation at all 
three levels will m time pass off, first consciousness returns as 
reassociation takes place at the lowest level , later, as recovery occurs 
at the second level, the patient is able to recognise objects presented 
to him, lecovery at the highest level takes place last, and return 
of memory may often be very slow indeed 

Although we do not know what consciousness is, we know of 
a laige number of factors on which it depends m addition to the 
physical integrity of the bram just referred to One of the most 
important of these is the oxygen supply Compiession of the 
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carotid vessels (a dangerous proceduie), a fall of blood - pressure 
such as results from haemorrhage or from loss of the normal activity 
of the vasomotoi centie, cause a rapid loss of consciousness If 
temporary this is known as fainting It becomes evident that 
strangulation 01 section of the carotid arteries m the neck is a 
much less painful foim of death than commonly supposed 



Fig 2SS —Diagram to illustrate levels of association This figure if taken absolutely suggests that 
all three levels are in the same part of the cortex This is not the case Moreover, it is possible 
that the lower levels may be sub cortical 


Unconsciousness also occurs if the circulation or respiratory 
mechanism fails to supply the oxygen, eg drowning 

Similarly, if there is insufficient glucose in the blood to be 
oxidised, there is a loss of consciousness, as m hypoglycsemia from 
an excessive dose of insulin 

Unconsciousness or coma also results fiom diseases m which 
toxic products are abnormally produced or are retained, as m 
diabetes mellitus or nephritis The poisonous substances probably 
act directly on the cerebral cells 
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Sleep and Narcosis 

The conditions that favour sleep are — 

(1) A diminution of the impulses entering the cential nervous 
system by the affeient channels This is under our voluntary control, 
as, for instance, closing the eyes, or retiring to a quiet room 

(2) Fatigue This diminishes the readiness of the central 
neivous system to respond to stimuli 

The first two houis of sleep are always the most profound, later 
on, i datively weak stimuli will cause awakening Of the parts of 
the cential nervous system, the spinal coid is always less deeply 
affected than the brain, but even the brain is never entirely irrespon- 
sive, and unless slumber is very profound, dreams are the subjective 
result of external stimuli Sensations of sound appear to be the 
last to disappear as sleep comes on, and the first to be realised 
on waking 

Sleep has been attnbuted by some to changes m the blood- 
supply of the biam Plethysmogiaphic records from the arm of a 
sleepmg man show a diminution m its volume every time he is 
disturbed, even though the disturbance may not be sufficient to 
wake him This is interpreted as meaning a diminution m the 
blood of the body, and a corresponding increase m the blood-flow 
through the biam It is, however, quite possible that the vascular 
condition is rather the concomitant or consequence of sleep than its 
cause Howell among others believes it to be the cause, and attributes 
the sleepiness that follows a heavy meal to the mechanical effect of a 
dilatation of the abdominal vessels m producing a diminished blood- 
flow through the brain , but the sleep that normally comes on at the 
end of the clay, he believes to be pioduced by cerebral anaemia follow- 
ing dilatation of the blood-vessels of the skin, such dilatation being 
due to vasomotor fatigue There can be no doubt that conditions 
which tend to constrict the peripheral vessels, eg cold feet, are very 
liable to prevent sleep Hence the value of a hot- water bottle or a 
hot dunk m piomotmg it 

Some of the theories of sleep have had a chemical basis Thus, 
certain observers have considered that sleep is the result of the 
action of chemical materials produced during waking hours, which 
have a soponfic effect on the brain, according to this theory 
waking fiom sleep is due to the action of certain other materials 
produced duting lest, winch have the opposite effect Ober sterner 
has gone so far as to consider that the soporific substances are acid m 
nature, but others regard them as alkaloidal These theories all rest 
on doubtful foundations, and none is as yet generally accepted 

Then there are what we may term histological theories of sleep, 
and these are rather unsatisfactory The introduction of the Golgi 
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method opened a fresh field for investigators, and several have 
sought to find by this method a condition of the neurones produced 
by narcotics such as opium and chloroform, which is different from 
that which obtains in the waking state 

Demoor and otheis found m animals m which deep anaesthesia 
has occurred, that the dendrites exhibit momliform swellings, that 
is, a series of minute thickenings or varicosities On the strength 
of this observation, what we may call a biophysical theory of 
sleep has been formulated, in the waking state, the neighbouring 
nerve units are in contact with each other, transmission of nerve 
impulses from neurone to neurone is then possible, and the result is 
consciousness, during sleep the dendrites are retracted m an 
amoeboid manner, the neurones aie therefore separated, and the result 
is unconsciousness 

The most thorough histological investigation of the effect of 
anaesthetics on nerve- cells .was earned out by Hamilton Wright 

He used rabbits and dogs, and subjected them to ether and 
chlorofoim narcosis foi periods vary mg from half an hour to nine 
hours In both animals he found that the nerve-cells are affected, 
but in rabbits much more leadily This accords quite well with 
what is known regarding the susceptibility of rabbits as compared with 
dogs towards the influence of these narcotising agents In a rabbit, 
the nerve-cells, especially of the cerebrum, show Ranges even after 
only half an hour’s anaesthesia, but m dogs at least four hours’ 
anaesthesia must be employed By the Golgi method the momliform 
enlargements can be seen These become more numerous, larger, 
and encioach more and more on the dendritic stems, the longer the 
anaesthesia is kept up (fig 289) 

Wright started his work with a bias m favour of Demoor’s bio- 
physical theory, but he soon found that the theory was untenable , 
the results of his observations have shown him that the action of 
anaesthetics is biochemical rather than biophysical, and he was 
led to this conclusion by the employment of other histological 
methods, particularly the most sensitive one we possess, namely, the 
methylene-blue reaction 

Owmg to the chemical action of the anaesthetic on the cells, the 
Nissl bodies have no longer an affinity for methylene-blue, and the 
cells consequently present what Wnght calls a rarefied appearance , 
when this becomes marked the cells appeal like the skeletons of 
healthy cells In extreme cases the cells look as though they had 
undergone a degenerative change, and after eight or nine hours’ 
anaesthesia m dogs, even the nucleus and nucleolus lose their affinity 
tor basic dyes The change, however, is not a real degeneration, and 
passes off when the drug disappears from the circulation Even 
alter nine hours’ anaesthesia the cells return rapidly to their normal 
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condition, stain normally, moniliform enlargements disappear, and 
the neive-ffbies show no trace of Wallenan degeneration The 
pseudo-degeneiative change produced by the chemical action of the 
anoesthetic no doubt interferes with the normal metabolic activity 
of the cell-body, and this produces effects on the cell- branches In 
the early stages of Wallenan degeneration, the branch of the 
neive-cell which we call the axis cylinder presents swellings or 
vancosities, produced by hydration or some similar chemical change 
The monilifoim enlaigements seen during the temporary pseudo- 
degenerative effects produced by anresthetics are comparable to this 




Fia 2 Qn --Mo 51 firm o dondritos of nerve cells, rendered evident by Cox’s modification 

o - i« 1 V < / i 1 coll of a rabbit , B, m a corresponding cell of a dogs brain, after 

s \ i i \ « hor m each caso (Hamilton Wright ) 

These enlargements are therefore not the primary cause of loss of 
consciousness, but are merely secondary results of changes m the 
cell-body When a tree begins to wither the earliest apparent 
change is noticed m the branches most remote from the centre of 
nutrition, the loot, as the changes m the centre of nutrition become 
more piofound, the laiger branches become implicated, but the seat 
of the mischief is not primanly m the blanches This illustration 
may serve to lender intelligible what is found m nerve-cells and 
their branches 

Moore and Iloaf have suggested that it is the protein m the 
nerve-cells (as well as the other cells of the body) which is affected 
by chloroform They have shown that unstable compounds of 
protein and chlorofoim aie obtainable, hence the greater solubility 
of chlorofoim m blood than m water They compare the chloroform- 
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protein compound to oxyhemoglobin, for it undergoes dissociation m 
the same sort of way Just as oxyhemoglobin parts with its oxygen 
to the tissue-cells, so the chloroform parts company from the blood- 
protein, and enters into combination with the cell-protem, limiting 
its activity and producing quiescence or anesthesia When the 
administration of the chloroform ceases, the tension of chloroform 
m the blood is no longer maintained, so the combination between the 
cell-protem and chloioform dissociates, and anesthesia passes off 
The theory which has met with most favour m relation to 
anesthetics, however, is that known as the Meyer-Overton hypo- 
thesis, this theory, which has received abundant confirmation by 
numerous observers, pomts out that the cells are easily permeable to 
the volatile anesthetics owmg to the presence of fat and lipide 
material in their plasmatic membrane It can hardly now be 
doubted that the solubility of the volatile anesthetics m the lipides 
of the membrane (or, what comes to the same thing, the solubility of 
the hpides m the anesthetic) is an important factor m anesthesia , 
the anesthetic thus enters the cell easily, and throws the lipide 
constituents of the protoplasm (and perhaps secondarily the protein 
constituents also) out of gear, the net result being a lessening of the 
oxidative changes which are essential in active vital processes 

But the artificial sleep of a deeply-narcotised animal is no 
criterion of what occurs during normal sleep The sleep of 
anaesthesia is a pathological condition due to the action of a poison 
The drug reduces the chemico-vital activities of the cells, and is, m a 
sense, dependent on an increasing condition of exhaustion, which may 
culminate m death. Natural sleep, on the other hand, is the normal 
manifestation of one stage in the rhythmical activity of nerve-cells, 
and though it may be preceded by fatigue or exhaustion, it is 
accompanied by repair, the constructive side of metabohc activity 
This is true for many other organs in addition to the central 
nervous system, sleep is a time of repose for them also, but the 
amount of rest varies , the voluntary muscles, except those concerned 
m breathing, will rest most, but the heart contmues to beat, the 
urine is still secreted, the processes of digestion go on, so that for 
such organs activity is only diminished 

Of recent years considerable attention has been given to the 

inhibition theory of Pavlov, who has been able to produce experi- 

mentally in dogs a condition resembhng normal sleep He considers 
that normal sleep and hypnotic sleep are much more closely 

related than has been usually thought, and that both are due 
to the irradiation of inhibition The subject has already been 
dealt with undei “ Conditioned Beflexes ” This view makes 

it possible that the inhibitory process need not occupy the 
whole of the cortex at a given time, and thus gives interesting 
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explanations regarding sleep-walking, dreams, peisistence of the 
sense of time during sleep, etc Incidentally, it suggests that the 
popular idea that certain individuals are at times only half-awake 
has some scientific justification i 

It is not, however, agieed by psychologists that hypnotic and 
normal sleep ate so alike as Pavlov would have us understand 
Sleep occmung natuially or pioduced by narcosis, provided the 
narcotic does not stimulate, is always associated with diminished 
sympathetic as distinct fiom parasj mpathetic action The pupil 
is constricted ami digestion continues These facts have been made 
the basis of an important theoiy by Hess of Zurich, who supports his 
argument by the fact that if ergotamme is injected into the 3rd 
ventncle oi the In am sleep results He also has succeeded m 
producing sleep by stimulating the mid-biam with a slowly rising 
and falling direct current This view does not contradict that of 
Pavlov but lather supports it, foi we know that parasympathetic 
activity is veiy commonly conditioned As examples we may take 
the secretion oi saliva, vomiting, constriction of the bionchi m 
asthma, and election of the penis 

It should be leeogmsed by the public that sleep is the period of 
anabolism, repau and giowth, and a large allowance is therefore 
necessary m growing children, who, amongst the lower classes, aie 
often seriously harmed by insufficiency of sleep 

A then ough investigation of the effect of sleeplessness m adults 
was made on himself and Ins colleagues by Kleitman of Chicago , they 
voluntarily went without sleep foi periods varying from 40 to 115 
hours They could easily lemam awake when actively engaged, but 
became drowsy when sitting and fell asleep immediately on lying 
down oi on complete muscular relaxation It is remarkable how 
normal they remained otherwise, then blood, urine, etc, were 
examined, so was also the condition of their heart, respiration, 
blood-pressuro, temperature, appetite, digestion, basal metabohsm, 
and reflexes Any departures horn the normal, if present at all, 
were trivial, subjectively the feeling of sleepiness was alone 
marked, ability to do mental arithmetic was unimpaired The 
most essential factoi m causing sleep is muscular relaxation, this 
causes a loss of proprioceptive reflexes which m activity are always 
m action Hnghlmgs Jackson's highest level (see p 757) is the most 
fatigued and the least responsive part of the brain The lowei 
levels may still be active and so cause di earning 

The effect of loss of sleep not exceeding one night has been 
shown experimentally to have a beneficial effect during the first 
half of the following day, but thereafter there is a fall m efficiency 
which, m spite of sleep, may not be fully recovered for three days 
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VOLUNTARY MOVEMENT HYPOTHALAMUS AND BASAL GANGLIA 

When a decision is made to make a certain movement we may 
look upon the effective impulse as starting in the motor area of the 
cerebrum and passing down the pyramidal tracts The pyramidal 
tiaels anse m the P>otz or giant pyramidal cells of the motoi aiea 
Thence the fibres converge, like the frame of a fan, through the 



MID BRAIN 


Fiq 290 —Degeneration after destiucfcion of the Rolandic area of the right hemisphere The black 
degoneiated an a shows the position of the pyramidal tiacts throughout its course (After Gowers ) 


coiona rachata to the internal capsule (fig 290), wheie the fibres 
become bunched together between the lentiform nucleus externally and 
the thalamus and caudate nucleus on the inside (see also fig 245) In 
horizontal section, the internal capsule appears bent The pyramidal 
tracts lie at the bend and m the anterior two-thirds of the posterior 
limb, and from before backwards the fibres are ai ranged m order for 
the head, arm, trunk, legs The posterior third of this limb is 
occupied by sensory fibres on then way from the thalamus to the 
coitex and by the final visual and auditory path The anterxoi 
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limb of the capsule is occupied by fibres passing from the fiontal 
lobe to the pons The importance of this airangement lies m the 
fact that a destruction of the fibres very leadily occurs as a result of 
cerebral haemorrhage m this region, and the localised paralysis which 
results depends on the actual damage done These anatomical 
details have been ascei tamed by studying the detailed effects of 
destruction of the motor area The effect of this is shown m 
fig 290 

In the cius the fibres occupy the middle of the region m front of 
the substantia nigra (sn), m the pons the fibies are more scattered, 
but m the medulla they become agam concentrated m the anterior 
aspect In the lower part of the medulla most of the fibres cross 
to the opposite side at the decussation of the pyramids, the crossed 
pyramidal tract occupying the lateral column of the cold until it 
reaches its destmation The fibres of the tract end by arborising 
round cells to the posterior horn (not the anterior), whence they 
are relayed to the anterior horn cells, whose axons pass out from 
the spinal cord to the muscles, etc Some of the pyramidal fibres 
do not cross but remain as the direct pyramidal tract m the 
anterior aspect of the cord throughout, crossing, however, lower down 
Throughout its couise m the brain the pyramidal tract gives off fibies 
ma sensory cells (such as those in the substantia nigra) to the 
cranial nuclei 

In clinical work the Betz cell and the pyiamidal fibre aie 
commonly known as the upper motor neurone, while the antenoi 
horn cell with its axon is known as the ldwei motoi neurone 

Destruction or damage to the pyramidal tracts lesults m 
paralysis of the particular pait of the body supplied If above the 
decussation of the pyramids m the medulla, as it commonly is m 
ceiebral hamionhage, the paralysis is on the opposite side of the 
body, although it may affect the muscles of the same side of the 
face * If the motor area is damaged, as it may be at birth, paralysis 
of a single limb may occur Even when both limbs of one side aie 
affected (hemiplegia), the trunk, chest, and abdomen which are 
bilateially innervated usually escape The state of the muscles is 
somewhat reminiscent of decerebrate rigidity, the paralysed muscles 
have excessive tone (spasticity) and the deep reflexes of the part are 
increased 

Damage to the tracts in the spinal cord is less common It may 
occur m injury and disease, eg tumour In such conditions the 
interference with voluntary movement is, as a rule, accompanied by 
impairment of sensation also 


,, Thl ® cros sed paralysis involving the face on one side and the limbs on the 
other is characteristic of haemorrhage mto the pons Lesions higher up e a in the 
internal capsule, cause paralysis of the opposite face and limbs g P ’ 9 
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It is, howevei, to be understood that to consider the voluntaiy 
impulse as beginning m the motor aiea is merely convenient, as it 
is the first point which we know of accurately -No doubt, impulses 
reach this aiea from the association areas and there is evidence that 
the frontal aiea may be specially concerned (Sunnier Wilson) The 
close lelationship of the sensory to the motor area suggests that 
many of the stimuli come from the sensory area and there is little 
doubt that many of our so-called voluntary actions are more m 
1 espouse to direct sensory stimulation than at first sight appears 
It is of mteiest also to observe that repetition of voluntary move- 
ment to a given stimulus (as m taking reaction times) does cause 
an increased speed of response such as occurs m a reflex, while 
drugs which act on reflexes, e g bromides, similarly affect the mental 
responses The striking effect of the general metabolic rate on 
mentality is seen m the conditions of myxoedema and exophthalmic 
goitre In the former reflexes are slow and so also are the mental 
responses, while m the latter the reverse is the case 

Reaction Time in Man — The term reaction time is applied to the time occu- 
pied m the central nervous system in that complex response to a pre-arranged 
stimulus m which the brain as well as the cord comes into play It is sometimes 
called the personal equation It may be most readily measured by the electrical 
method, and the accompanying diagiam (fig 292) illustrates one of the numerous 
arrangements which have been proposed for the purpose 



In the primary circuit two keys (A and B) are included, and an electro-magnetic 
signal (1), arranged to write on a revolving cylinder (fast rate) A time marker or 
chronograph (2), marking l-100ths of a second, is placed below this The experi- 
ment is performed by two persons C and D The key A , under the control of C, is 
opened. The key B , under the control of D, is closed The electrodes E are 
apphed to some part of D’s body C closes A The primary circuit is made, and 
the signal (1) moves As soon as D feels the shock he opens B , the current is thus 
broken, and the lever of the signal returns to rest The time between the two 
movements of the signal (1) is measured by means of the time-tracing written by 
chronograph (2) From this, the time occupied by transmission along the nerves 
has to be deducted, and the remainder is the reaction time It usually vanes from 
0 15 to 0 2 second, but is increased in — 

The Dilemma — The primary circuit is arranged as before The wires from 
the secondary coil lead to the middle screws of a reverser without cross wnes To 
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each pair of end screws, a pair of electrodes E and E' pass , these are applied to 
different parts of D s body (fig 293) It is arranged previously that D is to open 
B, when one part is stimulated, but not the other, C adjusting the reverser unknown 
to D In these circumstances the reaction time is longer 



The Effect of Injury to the Spinal Cord 

The study of paths makes it evident that an injury of, or a 
tumour pressing on, the spinal cord will affect its motor sensory 
and reflex functions On an accurate study of the changes brought 
about will depend the power of the surgeon to diagnose the exact 
position of the lesion and possibly to treat it It is convenient to 
consider the effects of partial and complete section of the spinal cord 

Complete transverse section of the spinal cord leads to — 

1 Loss of motion of the parts supplied by the nerves below the 
section on both sides of the body The paralysis is not confined 
to the voluntary muscles, but includes the muscle fibres of the 
blood-vessels and viscera Hence there is fall of blood-pressure, 
paralysis of sphincters, etc, immediately after the operation, but 
there is considerable recovery of involuntary muscles, as they are 
supplied by autonomic nerves, any voluntary control over the 
sphincters is, however, permanently lost 

2 Loss of sensation m the same legions 

3 Hypersesthosia at the junction of the areas of normal and 
abnoimal or lost sensation 

4 Degeneration, ascending and descending, on both sides of the 
cord 

Complete transverse section of the spinal cord may produce 
immediate death if the opeiation is performed sufficiently high m 
the cervical region, foi the paralysed muscles will then include 
those of respiration The spinal cells from which the phrenic and 
other respiratory nerves originate are then cut off from the respir- 
atory centre m the bulb above them, and the animal will die of 
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asphyxia One sees the same thing after severe injury to the upper 
cervical cord m man, as when he “ breaks his neck ” After such an 
injury, if the individual does not actually die from cessation of 
respnation, theie is a penod of shock (about thiee weeks) during 
which no leflexes can be obtained, but theieaftei flexion withdrawal 
and latei some tendon leflexes letum The patient shows at this 
stage the leaction of a spinal animal 




FlG in °1 P hoto micrographs from the spinal cord of a monkey, 

Cb tbe °P eratl , 0 ^ hemisection had been performed some weeks previously (Mott) The 

JISS r!^ m f ed b 7 ert s m 1 et k od ’ by whicl1 the grey matter is bleached, while the healthy 

dark degenerated tracts are also bleached A is a section of the 

cord m the thoracic region below the lesion, the crossed pyramidal tract is degenerated B is a 

C isTsicturn ?n 7? % the lnrabar enlargement) , the degenerated pyramidal tract is now smaller 
C is a section m the thoracic region somo little distance above the lesion The degenerated tracts 

0U i ter part s column > and the direct cerebellar tract D is a section higher 

p m the cervical region, the degeneration m Goll s column now occupies a median nositirm fhA 
degenerations m the direct cerebellar tract and m the tract of Gowers are also well shown Notice 
that m all cases the mam degenerated tracts are on the same side as the i^ury 


Hemisection — If the operation performed is not a complete 
cutting of the spmal cord transversely, hut a cnttmg across of half 
the cord, it is termed hemisection, 01 semi-section This leads to — 
1 Loss of voluntary control of 'the muscles of the same side 
below the level of the section 
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2 Loss of sensation below the divided segment, approximately as 
follows (a) Loss of joint and muscle sense, of sense of vibiation, and of 
tactile discrimination, on the same side as the section 5 (b) Loss of the 
senses of pain, heat, and cold on the side opposite to the section The 
reason foi this peculiar distubution of sensory loss is the presence 
of an inferior and a superior sensoiy decussation, the former occuis 
within the cold as the decussation of the spmo- thalamic fibres, the 
lattei m the medulla as the decussation of the fillet 

Results similar to those caused by hemisection m animals follow 
a unilateral lesion of the spinal cord m man, and constitute the 
syndrome of Brown-S<5quaid who fiist descnbed them 

3 Hyperesthesia occurs commonly at the junction of the areas 
of normal and lost or abnormal sensation 

4 Degeneration, ascending and descending, largely confined to 
the same side of the cord as the injury The most important of 
these are shown m the preceding diagrams (fig 294), the small text 
beneath which should be caiefully studied 

THE FUNCTIONS OF THE HYPOTHALAMIC REGION 

Of recent years a great deal of attention has been directed 
towards the region of the brain which lies just below the thalamus 
and above the nnd-biam and the legion adjacent to the floor of the 
third ventricle, and evidence appears to be accumulating that this 
region plays an important part m the elemental reactions of the 
body It is claimed that from this region are controlled the important 
functions of the pituitary body m relation to sex It would also 
seem that m this region is the upper end of the autonomic nervous 
system, since it has been found that stimulation m this region may 
have the same effects as stimulation of the cervical sympathetic It 
has also been observed by Bard that if progressive sections through 
the brain are made, as soon as the hypothalamus is reached a 
remarkable condition ot rage is produced, eg snarling, clawing, 
lashing of the tail, erection ot the hairs, a rise of blood pressure 
and heart-rate, and dilatation of the pupil such as might be produced 
by the injection of adrenaline When the hypothalamus is removed 
these symptoms disappear 

The region of the tuber cmereum is considered to be the heat- 
regulatmg centre, and to the region generally is ascribed the 
regulation of wafer content, sweating, fat and carbohydrate 
metabolism, while Hess has related the floor of the thud ventricle 
to sleep (see Sleep) Much doubt, however, exists regarding many 
of the alleged functions of tins legion. 
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THE FUNCTION OF THE BASAL GANGLIA 

The difficulty of removing the basal ganglia such as the caudate or 
lenticular nuclei (see fig 245), which are large masses of grey matter, 
has made it difficult to obtain information regarding their function 
Evidence has, however, accumulated to indicate that disease of the 
lenticular nucleus produces motor disturbance of the face resembling 
laughter, increased lefiexes and muscle tone, and in the condition of 
paralysis agitans or shaking palsy, which is characterised by great 
tremor of the hands or head, degeneration of the corpus striatum 
has been found post-mortem It would seem, then, that the region 
of the basal ganglia probably controls some of the primitive 
movements 
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SPEECH AND VOICE 


Speech 

The discoveiy of a pail of the coiebral coitex which was specially 
associated with speech was one of the first steps towards cerebral 
localisation The Fiencdi physician Bioca came to the conclusion 
that patients who died fiom ceiebial haemoirhage and who had, 
pievious to death, lost the power of speech, had invariably 


TT 



Fig i!0 r > — Uatoral vimv of tho left corobral hemisphere of man (after Donaldson) V is the cortical area, 
damage to wlm It prodm ph “ word blmdncHS ' , it is situated m the angular gyrus, and is palled the 
visual word initri 11 is the ana m the superior temporal convolution, called the auditory word 
ct litre, damage to wlm h produeps “ word deafness ” B is Broca's convolution, damage to which 
produces loss of audible Hp<pch (motor aphasia) , ]ust behind is the motor area for the mo\em nts 
of the tongue, vot al cords, etc , t otu ernod in speaking , Baatian termed it the glosso kvnccsthetic ai ea 
The aiea W, tilled by Basttan the <hnro kiiursthctic area , is the corresponding region concerned in 
hand movements, damage to which abolishes tho power of writing (agraphia) 


Inemouhage m the legion of the pais tnangulans of the mfenoi 
fiontal convolution — marked BO and sunounded by a dotted line 
m fig 27b The most cuiious fact about this so-called speech centre 
is that it us situated only on the left side of the bram m right-handed 
pei sons 

Subsequently, Mane and Moutiei pointed out that loss of 
speech may ooom with lesions of othei parts of the biam and that 
the loss may be confined to ceitam parts of speech, thus, the 
individual may be unable to read aloud, to write to dictation and 
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the like, without any other part of speech being seriously affected 
Few will go so far as to suggest, as did Marie, that Broca's area has 
not a special relation to speech, indeed, there is overwhelming 
evidence that it has Head has gone to the other extreme, and has 
almost denied that it is possible to differentiate aphasia, le, loss 
of speech, into isolated affections of speaking, writing, etc , due to 
destruction of visual, auditory, or motoi images 

The Formation of Speech. — Probably all these views may 
be reconciled when we consider how speech is evolved m the 
individual Speech m its wide sense may be considered the mode 
of interchange of ideas between oneself and one's fellow-creatures 
It may be looked upon as depending upon three distinct 
mechanisms 

(1) A receptor mechanism which may involve any sensation, 
although normally hearing and seeing are utilised In close relation- 
ship to the cortical centre for these sensations are the association 
areas, in which memories of sensation appear to be stored Thus, 
in the second and third temporal convolutions are stored the names 
of objects and these are lost if this region becomes the seat of disease, 
eg abscess secondaiy to inflammation of the middle ear 

(2) Association Mechanism — Our knowledge of this mechanism 
is, as yet, quite crude, and we cannot relate its facts in any detail 
to anatomical areas, but from a study of disease a large amount 
of interesting material has been collected 

There is general agreement, however, that m right-handed 
persons the area concerned is on the left side of the brain, within a 
well-defined cortical region extending from the lower and posterior 
part of the frontal lobe, by the island of Beil, to the temporal and 
lower parietal and occipital region (Ehnnier Wilson) Of this region, 
it is clear that the antenoi part is concerned with expression, and 
the posterior part, oi area of Wernicke, with reception 

To each sensation is attached a certain significance according to 
the circumstance m which it is experienced If an idea has to be 
communicated, or a reply made, the impulse passes to that part 
ot the association mechanism concerned with expression, where the 
proper means of expression is determined Broca's area (as its 
histological structure suggests) may be considered an association 
area in close relation to the vocal effector mechanism 

(3) An Effector Mechanism —The message is then conveyed to 
the appropriate part of the motor cortex concerned with the vocal 
organs, but it may be, according to circumstances, the area for hand 
movements or any other part A nod of the head, or placing a finger 
to the mouth may be even more significant than a spoken word It 
is, then, fairly easy to understand why it is that certam parts of 
the general speech mechanisms may become impaired, leaving other 
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paits noimal Hoad does not consider that an aphasic individual is 
evei quite noimal mentally, noi, indeed, can this be expected, unless 
the disease is limited to a small aioa of the motoi coitex When we 
learn to speak, we loam to think and to fonn ideas by a similar 
mechanism, and we know how impacted the general mentality of 
a deaf pel son may bo, simply because he has not the normal facility 
of communicating with his fellows 

The effect oi any given lesion on mentality will then depend on 
how the individual has acquned his knowledge If, for example, 
there is a lesion of the association fibres connecting the visual 
association aiea to the motoi area fox the vocal organs, not only will 
the individual be wot d-blind, %e unable to read aloud, but probably 
other associations and ideas, which depend on knowledge acquired by 
reading, will bo affected, although he may reply quite well to verbal 
questions, and knowledge acquned by hearing may be unaffected 

Voice Production 

The fundamental tones of the voice are pioduced by the current 
of expned an causing the vi l nation of the vocal coids, two bands 
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Flu - A \ n In nl HMtmu tlnuiij h tie hu\n\ it t lnpluibiaca tlic fact that the vocal cords 
am uni m ltnlity i mils hut Urn apius of Hliup folds Note tlio valvular appearance of 
the hirvuM il folds 1 he vo< ul i ords prevent the ontiy of all into the chest, the ventricular 
baiidH hindm Umh \it of air (V E Negus) 
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contained m a oaiiilagmous box placed at the top of the windpipe 
or tiachea This box is (‘ailed the lanjnx The sounds produced 
heie are modified hy othm paits such as the tongue, teeth, and lips, 
as will lie explained later on 

Foi a detailed deseuption ol the laiynx lefeience should be 
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made to a text-book of Anatomy It is composed of the thyioid 
cartilage, the prominence m fiont of which constitutes Adam’s 
apple, the cricoid caitilage and the two arytenoids, togethei with 
several mmoi caitilages These aie all held together and to the 
neighbouring stiuctures by fibrous tissue and muscle 


Mucous Membrane —The larynx is lined with a mucous membrane 
continuous with that of the trachea, this is covered with ciliated epithelium 
except over the vocal cords and epiglottis, where it is stratified The vocal cords 
are bands of elastic tissue m this mucous membrane which run from before back 
They are continuous below with the conus elasticus, and are attached as stated 
above The chink between them is called the nma glottidis (see fig 296) Two 
* ridges of mucous membrane above and parallel to 

\ these are called the false vocal cords , between the 

pb true and false vocal cord on each side is a recess 

A called the ventricle 

' \ The laryngoscope is an instrument employed in 

. '***' \ investigating during life the condition of the pharynx, 

( larynx, and trachea It consists of a large concave 

\ mirror with perforated centre, and of a smaller mirror 

\ fixed m a long handle The patient is placed m a 

\ chair, a good electric light is arranged on one side 

of, and a little above, his head The operator fixes 
the large mirror to his head m such a manner that he 
looks through the central aperture with one eye He 
then seats himself opposite the patient, and so alters 
{Jf the position of the mirror, which is for this purpose 

j rnCM / provided with a ball-and-socket -joint, that a beam of 

l I light is refiected on the lips of the patient. 

T ^ / The patient is now directed to throw his head 

1 f slightly backwards, and to open his mouth, the 

A? \ reflection from the mirror lights up the cavity of the 

\ L | ) mouth, and by a little alteration of the distance 

1 i / between the operator and the patient the point at 

Fro 297 — Diagram to illustrate which the greatest amount of light is reflected by 
the method of observing the the mirror — in other words, its focal length — is readily 
i? 3 ™ discovered The small mirror fixed in the handle is 


Fro 297 — Diagram to illustrate which the greatest amount or light is reflected by 
the method of observing the the mirror — in other words, its focal length — is readily 
& MKnSW ?,? COTered ^The srxxan mirror fixed in the handle is 
lamp m the handle of the then warmed, either by holding it over the lamp, or 
mirror L, larynx , T, tongue , by putting it into a vessel of warm water , this is 
pa?ate har The P ^w S .n&oate a ° ecess !y to prevent the condensation of breath upon 
reflected beam of light from the lts surface The degree of heat is regulated by 
larynx applying the back of the mirror to the hand or cheek. 


when it should feel warm without being painful 
After these preliminaries the patient is directed to put out his tongue, which is 
held by the left hand gently but firmly against the lower teeth by means of a 
handkerchief The warm mnror is passed to the back of the mouth, until it rests 
upon and shghtly raises the base of the uvula, and at the same time Hie light is 
directed upon it an inverted image of the larynx and trachea will be seen in the 
mirror If the dorsum of the tongue is alone seen, the handle of the mirror must 
be shghtly lowered until the larynx comes into view , care should be taken, how- 
ever, not to move the mirror upon the uvula, as it excites retchmg The observa- 
tion should not he prolonged, but should rather be repeated at short intervals 

The structures seen will vary, according to the condition of the parts, during 
inspiration, expiration, phonation, etc , they are (fig 298) first, and apparently 
at the posterior part, the base of the tongue , immediately below which is the arcuate 
outline of the epiglottis , with its cushion or tubercle Then are seen m the 
central line the true vocal cords , white and shining m their normal condition 
The cords approximate (in the inverted image) posteriorly, between them is 
left a chink, narrow whilst a high note is being sung, wide during a deep 
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inspuation On each side of the true vocal cords, and on a higher level, are 
the pink fahe ratal coith Still moit externally than the false vocal cords 
is the aiqtmo-epiqhthtlean fold, m winch are situated on each side two small 
elevations, of these the most external is the taitiluqe of Wnsberq, the inner 
is the ca)filaqt> of Stmfonm The nnqs of the l/cnhea , and even the bifurcation of 
the trachea itself, if the patient be diicc ted to diaw a deep breath, may be seen in 
the interval betwe e n the tine vocal colds 



Pm titfS -Ihrie 1 ir\ iigoscnpn vimvH of tlm superior aperture of tho larynx a 1 J , 'v i ~ 

A, tlm glottis during tlm imission of a tit} li note m Hinging, B, m easy a < i > * 

air, V, in tin slate of wnlist possible dilatation, as in inhaling a very deep r a L < i ~ » 

A', IV, ( , show in hoii/oiiful set lions of tlm glottis tlm posiWm of the vocal cords and aryte 
nonl curtilage s m tlm 1 lu< e k* coral stall s rc prew nted m tlm o i < r g i ^ In all the figures so far 
as mat kid, tlm letters mdnate tlm parts as follows, vi/ l, tlm base of the tongue, c, the upper 
free part of tin epiglottis, t\ tin tubinle of tlm epiglottis, ph , part of the anterior wall of the 
pharynx, behind 1 1n larynx, in tin man. m of tlm ary teno * ,,n ^ 1 +1 n « veiling of the 

membiaim eunsed by t he i u t ilag< h of \V rmlw rg , », that of u i " i a, the tip or 

summit of tlm arytenoid < ait ilagt s , tv, tlm trim vo< al lords or lips of tho rima glottidis , c v s, the 
superior or false we al lords, betwnn them the xtmtnclo of the larynx, m C, tr is placed on the 
anterior vail of the rowing traihea, uul t> unite at es tlm i ommeucemeut of the two bronchi beyond 
tlm bifurcation uhe h may be brought into \n w m this state of extreme dilatation (Quam, after 
Cvcrmak ) 


Movements of the Vocal Cords. 

In, Ihspindwn -—Tho position ot tlie vocal coids m oidmary 
tranquil breathing is ho adapted by the muscles, that the opening 
of the glottiH in wide and triangular (hg 2 ( )8, b) The glottis 
may remain nnalteied dm mg otdmaiy quiet bieathmg, though in 
some people it become# a little wnlei at each inspiration, and a little 
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nairower at each expiration In the cadavenc position the glottis 
has about half the width it has during ordinary breathing , during 
life, therefore, except duung vocahsation, the abductors of the vocal 
cords (posteiior cnco-arytenoids) are in constant action (F Semon ) 
On making a rapid and deep inspiration the opening is widely dilated 
(fig 298, c), and somewhat lozenge-shaped 

In Vocahsation — At the moment of the emission of a note the 
chink is narrowed, the margins of the arytenoid cartilages being 
brought into contact, and the edges of the vocal cords approximated 
and made parallel (fig 298, a), at the same time their elasticity 
is regulated by contraction of the thyro-arytenoid muscles As the 
pitch of the note increases it is probable that the degree of contraction 

— and with it the elasticity — of the 
thyro-arytenoid muscles becomes greater, 
and the range of a voice depends, m the 
mam, on the extent to which the degiee 
of elasticity of the vocal cords can be 
thus altered In the production of a 
high note the vocal cords are brought 
well within sight In the utteiance 
of low-pitched tones, on the other hand, 
the epiglottis appears to be brought over 
them, and the arytenoid cartilages look 
as if they were trying to hide themselves 
under it (fig 299) 

The approximation of the vocal coids also usually corresponds 
with the height of the note produced, but the width of the 
aperture has no influence on the pitch of the note, as long 
as the vocal cords have the same tension, only with a wide 
aperture the tone is more difficult to produce and is less perfect, 
the rushing of the air through the aperture being heard at the 
same time 

No true vocal sound is produced at the posterior part of the 
aperture of the glottis, namely, that which is formed by the space 
between the arytenoid cartilages (pars intei cartilagmea) 


A 



F ig 29Q —View of the upper part of the 
larynx as seen by means of the laryngo 
scope during the utterance of a bass 
note e, Epiglottis , s, tubercles of the 
cartilages of Wnsberg , a, cartilages 
of Santormi , z, base of the tongue , 
ph, the posterior wall of the pharynx 
(Czermak ) 


The Voice, 

The human musical mstiument is often compared to a reed 
oigan-pipe certainly the notes produced by such pipes m the vox 
humana stop of organs is very like the human voice Here there is 
not only the vibration of a column of air, but also of a reed, which 
corresponds to the vocal cords m the air-chamber composed of the 
trachea and the bronchial system beneath it The pharynx, mouth, 
and nasal cavities above the glottis are resonating cavities, which, by 
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alterations m their shape and bi/o, are able to pick out and emphasise 
certain component parts of the sounds ptoducod m the laiynx The 
natuial voice is often called the chest voice The fahetto voice is 
differently explained by different observers, on laiyngoscopic 
examination, the glottis is found to be blown open, it is probable 
that only the* inner fibres of the thy 1 0-arytenoid muscle are m 
contraction 

Musical soninls ddfei from one another m three ways — 

1 In pitch — Tins depends on the late of vibration, and m 
a stung, the pitch maeases with the tension, and diminishes with 
the length of the stung The vocal cords of a woman aie shorter 
than those of a man, hence the higher pitched voice of women The 
average length of the female cord is 115 millimeties, this can be 
stretched to 14, the male cord averages 15 5, and can be stretched 
to 19 5 mdhmetieH 

2 Lb loudness —This depends on the amplitude of the vibiations, 
and m increased by the foree of the expiratory blast which sets the 
cords m motion 

3 In “ l unhfc This is the difference of character which dis- 
tinguishes one \o no, or one musical instrument, from another It 
is due to admix two of the pmnary vibiations with secondary vibra- 
tions or overtones The jange of the voice is seldom, except m 
celebrated smgeis, more than two-and-a-half octaves, and for different 
voices tins is m dilleient parts of the musical scale 

Uncords mav now be taken ol the voice with accuracy as in the 
making of gramophone records, but the magnification lequired is 
such that they do not lend themselves readily to lepioduction here 

Vocal Speech 

Speech is due to the modification produced m the fundamental 
laryngeal notes, by the resonating cavities above the vocal cords 
By modifying the m/e and shape ol the pharynx, mouth, and nose, 
certain overtones or hat monos am picked out and exaggerated this 
gives us the vowel sounds, the consonants are produced by inter- 
ruptions, mole m less complete, of the outflowing an in different 
situations When the larynx m passive, and the resonating cavities 
alone come into play, wo get whispering 

The pitch of the Vowels lias b< on estimated musically , u has the lowest pitch, 
then o , a (as m father), (a as m cam ), e, and a We may give a few examples of 
the shape of the resonating cavities m pronouncing vowel sounds, and producing 
their charm tenstn timtm when sounding a (in father J the mouth has the shape of 
a funnel wide m front, the t origin lies on the floor of the mouth, the lips are wide 
open , the soft palate is mod< rutely and the larynx slightly raised 

In pronouncing u (oo), the mvity of the mouth is shaped like a capacious flask 
with a short narrow neck The whole resonating cavity is then longest, the lips 
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being protruded as far as possible , the larynx is depressed and the root of the 
tongue approaches the fauces 

In pronouncing o, the neck of the flask is shorter and wider, the lips being 
nearer the teeth , the larynx is slightly higher than m sounding oo 

In pronouncing 6, the flask is a small one with a long narrow neck The 
resonating chamber is then shortest as the larynx is raised as much as possible, 
and the mouth is bounded by the teeth, the lips being retracted , the approach of 
the tongue near the hard palate makes the long neck of the flask 

The Consonants are produced by a more or less complete closure of certain 
doors on the course of the outgoing blast If the closure is complete, and the blast 
suddenly opens the door, the result is an explosive , if the door is partly closed, and 
the air rushes with a hiss through it, the result is an aspirate , if the door is nearly 
closed and its margins are thrown into vibration, the result is a vibrative , if the 
mouth is closed, and the sound has to find its way out through the nose, the result 
is a resonant 

These doors are four m number , Brucke called them the articulation positions 
They are— 

1 Between the lips 

2 Between the tongue and hard palate 

3 Between the tongue and soft palate 

4 Between the vocal cords 

The following table classifies the prmcipal consonants according to this 
plan . — 


Articulation 

position 

Explosives 

Aspirates 

Vibratives 

Resonants 

1 

B, P 

F, Y, W 


M 

2 

T, D 

S, Z, L, Sch, Th 

R 

N 

6 

K, G 

J, Ch 

Palatal R 

Ng 

4 


H 

R of lower Saxon 



The introduction of the phonograph has furnished us with an instrument which 
it is hoped m the future will enable us to state more accurately than has hitherto 
been possible, the meaning of the changes m nature and intensity of the complex 
vibrations which constitute speech 
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CHAPTER LYI 


TASTE AND SMELL 

Taste 

Certain anatomical facts must be studied first m connection with 
the tongue, the uppei suiface of which is concerned m the reception 
of taste stimuli 

The tongue is a muscular organ covered by mucous membrane 
This membiane icsembles other mucous membranes m essential 
points, but contains papillae, peculiar to itself The tongue is also 
beset with mucous glands and lymphoid nodules 

The lingual papillcc are thickly set over the anterior two-thirds 
of its uppei suiface, or dorsum (fig 300), and give to it its character- 
istic loughness Three principal vaneties may be distinguished, 
namely, the (1) cue umvallate, the (2) fungiform , and the (3) conical 
and filiform papilla? They are all foimed by a piojection of the 
corium of the mucous membiane, covered by stratified epithelium , 
they contain special branches of blood-vessels and nerves The 
corium m each kind is studded by microscopic papillae 

(1) On eumvallatc — These papillae (fig 301), eight or ten m 
numbei, are situate m a V~ s h a P e d line at the base of the tongue 
(1, 1, fig 300) They are circular elevations, from ^-th to x x T th of 
an inch wide (1 to 2 mm) each with a slight central depression, and 
sunounded by a cuculai moat, at the outside of which again is a 
slightly elevated ung or lampart, their walls contain taste-buds 
Into the moat that sun minds the central tower, a few little glands 
{glands of miner) open These glands foim a thin, watery secretion 
(2 ) Fungiform — The fungifoim papilla? (3, fig 300) are scattered 
chiefly ovei the sides and tip, and sparingly over the middle of the 
dorsum, of the tongue, then name is denved from then being shaped 
like a puff-ball fungus (see fig 302) 

(3) Conical and Filiform — These, which aie the most abundant 
papilla?, are scatteied ovei the whole upper suiface of the tongue, 
but especially over the middle of the doisum They vary m shape, 
some being conical (simple oi compound) and otheis filiform, they 
aie covered by a thick layer of epithelium, which is either arranged 
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over them, in an imbricated manner, or is prolonged from their 
surface m the form of fine stiff projections (fig 303) In carnivora 
they are developed into horny spines These papillse have a 
mechanical and tactile function, rathei than one of taste , the lattei 



Cncumvallate papiTse in front of f the foramen raecum 8 fonnif rS ° t? palatln£e] L L 
conical papillce , 5, transverse and oblique rngge 6 muen p ? plll(B ’ 4 > fill form and 
in the fauces, T, tonsils, 8, part of the eSrfoth, o J S at the , b ?? e ° f the ton ^ e and 

epiglottidis). (From Sappey ) P glottis , 9, median glosso epiglottidean fold (freenura 


sense is seated especially m the other two vaneties of papilla the 
circumvallate and th.& fungifoi m F k B 

In the on cum vallate papillae of the tongue of man peculiar 
structures known as taste-buds are found They are of an oval 
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shape, and consist of a number of closely packed, very narrow 
and fusiform, cells (gustatory cells) This central core of gustatory 
cells is enclosed m a single layer of broader fusiform cells (encasing 



Fig 801 — Vertical section of a circumvallate papilla of tlie calf 1 and 8, Epithelial layers covering 
it, 2, taste buds, 4 and 4', duct of Ebners gland opening out into the pit m winch the papilla 
is situated , 5 and 6, neives lamifying within the papilla (Engelmann ) 


cells) The gustatory cells ter inmate rn fine stiff spikes which 
project on the free surface (fig 304, a) 

Taste -buds are also scattered over the posterior third of the 
Longue, the palate and the pharynx, as low as the postenoi (laryngeal) 



Fig 302 —Surface and section of the fungiform papillee A The surface of a fungiform papilla, partially 
denuded of its epithelium , p, secondary papillse , e, epithelium B Section of a fungiform papilla 
with the blood vessels injected , a, artery , v, vein , c, capillary loops of papilla, m the neighbouring 
structure of the tongue, d, capillary loops of the secondary papillae, e, epithelium (From 
Kolliker, after Todd and Bowman ) 


surface of the epiglottis The gustatory cells m the interior of the 
taste-buds are surrounded by arborisations of nerve-fibres 


The arrangement of papillae, taste-buds, etc , vanes a good deal m different 
animals The papilla foliata of the rabbit’s tongue consists of a number of closely 
packed papillae very similar to the circumvallate papillae of man, this foims a 
convenient source for the histological demonstration of taste-buds 
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The middle of the dorsum of the tongue is but feebly endowed 
with the sense of taste, the tip and margins, and especially the 

posterior third of the dorsum 



Fig 80S —Filiform papillae, one with, epithelium, 
the other without % —p, The substance of the 
papillae dividing at their upper extremities into 
secondary papillae , a, artery, and v, vem, dividing 
into capillary loops , e, epithelial covering lamm 
ated between the papillae, but extended into hair 
like processes, /, from the extremities of the 
secondary papillae (From Kdlliker, after Todd 
and Bowman ) 


(i e , m the region of the taste- 
buds), possess this faculty 
The antenoi part of the 
tongue is supplied by the 
chorda tympam, which runs 



the tongue a, Depression in epithelium 
over bud, below the letter are seen the 
fine han like processes m which the cells 
terminate, c, two nuclei of the axial 
(gustatory) cells The more superficial 
nuclei belong to the superficial (encasing) 
cells, the converging lines indicate the 
fusiform shape of the encasing cells x 400 
(Schofield ) 

with the hngnal branch of 
the fifth nerve and the pos- 
terior third by the glosso- 
pharyngeal nerve The lingual 
nerve is the nerve of general 
sensation of the tongue The 
taste fibres from the anterior 


two-thnds of the tongue run m the lingual branch of the fifth nerve, 
leave it to enter the chorda tympam, and 30m the facial (seventh 
nerve) Their cells of origin lie m the geniculate ganglion of the 
facial The central axons go m the pars intermedia to end m the 
upper end of the nucleus solitanus The taste fibres from the 
postenoi third of the tongue pass m the glosso-pharyngeal nerve , 
their parent cells are in the petrous ganghon and their central axons 
constitute the mam part of the fasciculus solitanus The taste 
nuclei m the brain stem are mterconnected, and relay fibres 
eventually reach the cerebrum m the region of the uncus 
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Tastes may be classified into — 

1 Sweet 2 Bitter 

3 Acid oi Sour 4 Salt 

Whethei alkaline and metallic tastes are elemental y is as yet 
undecided All the above affect to a varying extent the nerves of 
tactile sense as well as those of touch piopei, sweet having the least, 
acids the most marked action upon the latter Sweet tastes are best 
appreciated by the tip, acid at the side, and bitter tastes at the 
back of the tongue 

The substance to be tasted must be dissolved, here there is a 
stiikmg contiast to the sense of smell, flavours are really odours 
In testing the sense of taste m a patient, the tongue should be 
protruded, and diops of the substance to be tasted applied with 
a earners hair brush to the different parts, the subject of the 
expei iment must signify his sensations by signs, for if he with- 
draws the tongue to speak, the material gets widely spread The 
moie eoneentiated the solution, and the laigei the surface acted on, 
the more intense is the taste, some tastes aie peiceived more 
rapidly than others, saline tastes the most rapidly of all The best 
tempeiature of the substance to be tasted is from 10° to 35° C 
Very high oi very low temperatures deaden the sense 

Individual papillae, when thus treated with various solutions, show 
great diversity hom some only one or two tastes can be evoked, from 
others all four The papillae may also be stimulated electrically 
Cocaine and gymnemic acid, piepared from the leaves of the 
plant Gymnema sylvestre, act deleteriously, chiefly on the bitter 
and sweet tastes , cocaine abolishes especially the bitter, gymnemic 
acid especially the sweet, leaving the salt and acid tastes almost 
untouched 

| It will thus be seen that there are many facts pointing to the 
conclusion that the varieties of gustatory, like those of cutaneous 
sensation, are due to the stimulation of different end-organs/ 

When diluted sweet and salt solutions are simultaneously 
applied to the tongue, they tend to neutralise one another, but 
a tiue indifferent point is difficult or impossible to reach Sweet 
and bitter, sweet and acid liquids are antagonistic to a similar but 
less pei feet extent Contrast-effects of one taste upon another are 
matters of common obsei vation, but can be experimentally investigated 
only with difficulty 

SmeU 

The entrance to the nasal cavity is lined with a mucous 
membrane closely resembling the skin The greater part of the 
rest of the cavity is lined with ciliated epithelium, the conum is 
thick and contains numerous mucous glands The olfactory region 
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in man is limited to a poition of the membrane covering the upper 
turbmal bone, and the adjacent portion of the nasal septum , it is 
only 245 square milhmeties m aiea The cells m the epithelium 
here aie of seveial kinds — fust, columnai cells not ciliated (fig 

305, st), with the broad end at the 
surface, and below tapermg into 
an irregular branched process or 
processes, the terminations of which 
pass into the next layer the second 
kind of cell (fig 305, r) consists 
of a small cell body with large 
spherical nucleus, situated between 
the ends of the first kind of cell, 
and sending upwards a process to 
the surface between the cells of the 
first kind, and fiom the other pole 
of the nucleus a process towards 
the conum The latter process is 
very delicate, and may be varicose 
The upper process is prolonged 
beyond the surface, where it becomes stiff, and m some animals, 
such as the fiog, is provided with hairs These cells, which are 



Fig 305 — Cells from the olfactory region of 
the rabbit st, Supporting cells, r, r' t 
olfactonal cells , J, ciliated cells , s, cilia 
like processes , 6, cells from Bowman s 
glands (Stohr ) 



Fig 306 -Nerves of the septum nasi, seen from tlie right side 5 -I, the olfactory bulh 1 the 
olfactory nerves passing through the foramina of the cribriform plate, and descending to be distri 
buted on the sepfem , 2, the internal or septal twig of the naso ciliary branch of the oDhthalmm 
nerve , 8, naso palatine nerves (From Sappey, after Hirschfeld and LeveUld ) 6 opMbalmi ° 


called olfactonal cells, are numerous, and the nuclei of the cells not 
being on the same level, a comparatively thick nuclear layer is the 
result They are in reality bipolar nerve-cells In the conum are a 
number of serous glands called Bowman’s glands They open upon 
the surface by fine ducts passing up between the epithelium cells 
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The distribution of the olfactory nerves which penetrate the 
cnbrifoini plate of the ethmoid hone and pass from this region to 
the olfactoiy bulb is shown in fig 306 The nerve-fibres are the 
cential axons of the bipolar nerve-cells we have termed olfactorial , 
the columnar cells between these act as supports to them 

1 he olfactoiy bulb has a more complicated structure , above there 
is first a continuation of the olfactoiy tract (white fibres enclosing 
neuioglu), below this four layers are distinguishable, they are 
shown m the accompanying diagram from Eamon y Cajal’s work, the 
histological method used being Golgi’s 



e, collateral of tho axis cylmdei process of a mitral cell, f, collaterals terminating m the outer 
fibre layer of tho olfactory cortex (arclnpallium), g, superficial triangular cells of the cortex, 
h, supporting epithelium cells of the olfactory mucous membrane (Ramon y Cajal ) 

(1) A layei of white fibies containing numerous small cells, or 
“ gi armies ” (i>) 

(2) A layei of laige nerve-cells called “mitial cells ” (c), with 
smaller cells (a) mixed with them The axons of the mitral cells 
pass up into tho layei above and eventually become fibres of the 
olfactoiy tiact E, which passes to the grey matter of the base of the 
brain f They give off numerous collaterals on the way (e,f) 

(3) The layei of olfactory glomeiuh (b) Each glomerulus is a 
basket-work of fibuls denved on the one hand from the terminal 
arbonsations of the mitral cells, and on the other from similar 
arborisations of the non-medullated fibres which form the next 
layer 

(4) The layei of olfactory nerve-jih es — These are non-medullated , 
they continue upwaids the bipolai olfactory cells , which are placed 
among the epithelial cells of the mucous membrane 
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The fibies from the olfactory mucous membrane pass through the 
cribriform plate at the base of the skull to end round cells m the 
olfactory bulb, which in animals which depend on smell is very 
well deveMped A new lelay arises heie constituting the olfactory 
tiact W 

The olfactory tract is an outgrowth of the brain, which is 
originally hollow, and remains so m many animals, m man the 
cavity is obliterated, and the centre is occupied by neuroglia 
outside this the white fibies he, and a thin superficial layer of 
neuroglia covers these The two white “ loots” of the olfactory tract 
have been traced to the uncinate gyrus and hippocampal regions of 
the same side of the brain, which is the portion experimentally 
found to be associated with the reception of olfactory impulses (see 
fig 276, p 623) From the cells of the grey matter here fibres pass 
by a complex path to the corresponding regions of the opposite side 
There is also a communication via the fornix and corpora mammillana 
with the thalamus and tegmentum of the mid-bram 

Animals may be divided into three classes — those which, like the 
poipoise, have no sense of smell ( anosmatw ) , those which possess it m 
comparatively feeble degree (man, most primates, monotremes, and 
some cetacea) , these are called mico osmatic In man the thickness 
of the olfactory membrane is only 0 06 mm Most mammals are m 
contradistinction maci osmatic , the thickness of the membrane being 
0 1 mm oi ihore, and its area larger ° 

The mucous membrane must be neither too diy nor too moist , if 
we have a cold we are unable to smell odours or appreciate flavours 
(which are really odouis) When liquids are poured into the nose, 
their smell is imperceptible, as they damage the olfactory epithelium,* 
owing to the difference of osmotic pressure But even if a “ normal ” 
saline solution of an odorous substance is substituted, the sense of 
smell is still lost so long as air-bubbles are carefully excluded from 
the nasal cavity It is therefore necessary that odorous substances 
should be in a gaseous state in order to act upon the olfactory 
nerve-endings , they are normally conveyed to the olfactory surface 
by the air currents passing through the nose 

Generally, the odours of homologous series of compounds increase 
in intensity with meiease of molecular weight, but bodies of very low 
molecular weight are odourless, while vapours of very high molecular 
weight, which escape and diffuse slowly, have little or no smell A slight 
change m chemical constitution may produce marked alteration m 
the chaiacter of the odour of a substance, certain modes of atomic 
w ffhm the molecule appear to be more odoriferous than 
others Attempts have been made to discover the elementary sensa- 
tions of smell, but hitherto with scant success Many odours have 
unquestionably a complex physiological effect For example, when 
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mtrobenzol is held before the nose, it yields first the smell of 
heliotrope, next the smell of bitter almonds, and finally the smell 
of benzene , just as if different end-organs became successively 
fatigued Some substances have a very different smelLaccording 
to their concentration Chemical dissociation, too, unquestionably 
plays a prominent part 

Nevertheless, there are certain observations which indicate the 
existence of primary sensations of smell First, some persons are 
congenitally insensible to one or more odours, but yet smell others 
quite normally Hydrocyanic acid, mignonette, violet, vanilla, 
benzoin, are substances which appear to certam people to have no 
smell Secondly, some odorous bodies, when simultaneously given, 
antagonise one another, others produce a mixed smell Thirdly, 
fatigue of the epithelium with one odour will modify or abolish the 
effect of some smells, but will leave that of others untouched 

The delicacy of the sense of smell is most remarkable even m man 
Yalentm calculated that even ^qqI Iq qqq of a gram of musk can be dis- 
tinctly smelled Solutions of camphor afford a good means of testmg 
olfactory aquity Two tubes of camphor solution are presented to the 
subject along with two tubes of water, and the former pair is replaced 
with weaker and weaker solutions until it is mdistmguishable from 
the tubes containing water Pungent substances, such as ammonia, 
are unsuited for olfactometrical experiment They stimulate the 
endmgs of the fifth (trigeminal) as well as those of the olfactory 
nerve 
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CHAPTER LYII 


HEARING 

Anatomy of the Ear 

The Oigan of Healing is divided into thiee parts, (1) the external, 
(2) the middle, and (3) the internal ear 

External Ear — The external ear consists of the pinna and 
the external auditoiy meatus The central hollow of the former is 
named the concha The auditory meatus, with a slight arch directed 
upwards, passes mwaids and a little foiwaxds to the membiana 
tympani, to which it thus serves to convey the vibrating air 

Middle Ear ox Tympanum — The middle ear, or tympanum or 
drum (fig 308), is separated by the memhana tympani from the 
external auditoiy meatus It is a cavity, the only opening of 
which to the external air is through the Eustachian tube (E T , 
fig 308) The walls of the tympanum are osseous, except where 
apeitures m them are closed with membrane, as at the fenestra 
rotunda and fenestia ovalis , and at the outer part where the bone 
is replaced by the membrana tympani Its cavity is lined with 
mucous membrane, which is continuous through the Eustachian tube 
with that of the pharynx A chain of small bones extends from 
the membrana tympani to the fenestra ovalis 

The memhana tympani is placed m a slanting direction at the 
bottom of the external auditoiy canal, and consists of fibres, some 
running radially, some circularly, its margin is set m a bony groove , 
its outer surface is covered with a continuation of the cutaneous 
lining of the auditory canal, its inner surface with the mucous 
membrane of the tympanum 

The ossicles are three m number, named malleus, incus, and 
stapes The malleus, oi hammer-bone, has a long shghtly-curved 
process, called its handle, which is inserted vertically between the 
layeis of the membrana tympani The head of the malleus is 
irregularly rounded , its neck, or the line of boundary between the 
head and the handle, supports two processes a shoot conical one, 
and a slendei one, pi ocessus gi acihs, which extends forwards, and is 
attached to the wall of the cavity at the Glaserian fissure The 
incus , or anvil-bone, shaped like a bicuspid molar tooth, is articulated 
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by its broader part, corresponding with the 8“^ of ^f ' £ 

the tooth, to the malleus Of its two processes, one, directed back 
wards, has a free end attached by ligament to the wall, the pother 
curved downwards, longer and more pomted ar ticu ate with the 
stapes, a httle bone shaped like a stirrup, of which the base fits 
into the membiane of the fenestra ovalis h Th + 

The muscles of the tympanum are two in mamba T f 
tympam arises from the caitilagmous end of the Eustachian tube 
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to-wards the apex of the cochlea is shown m the left side only 


and the adjoining surface of the sphenoid, and from the sides of 
the canal m which the muscle lies, the tendon of the muscle 
bends at nearly a right angle over the end of the processus cochleari- 
formas and is inserted into the inner part of the handle of the 
malleus The stapedncs is concealed within a canal m the hone 
in front of the aqueductus Fallopn Its tendon is inserted into 
the neck of the stapes posteriorly 

The Internal Ear — The proper organ of hearing is formed by the 
distribution of the auditory nerve, within the mternal ear, or laby- 
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rinth , a set of cavities within the petrous portion of the temporal 
bone The bone which forms the walls of these cavities is denser 
than that around it, and forms the osseous labyomth , the membrane 
within the cavities foims the membranous Labyrinth The mem- 
bianous labyrinth contains a fluid called endolymph , while outside 
it, between it and the osseous labyrinth, is a fluid called per ilymph 
This fluid is not pure lymph, as it contains mucin 

The osseous labyrinth consists of three principal parts, namely, 
the vestibule , the cochlea, and the sernicir cular canals 



Fio 800 —Right bony labyrinth, viewed Fia 810 —View of the interior of the left 
from the outer side The specimen labyrinth The bony wall of the laby 

hero rtprosc ntod is prepared by sepa rinth is removed superiorly and exter 

rating piecemeal the looser substance nally 1, Recessus ellipticus, 2, Reces 

o' n t ''"-r s 1 o f i Uie dtnso sus sphaericus, 8, common opening of 

\r \ < i 7 \ close the the superior and posterior semicircular 

' - 1 2, fen canals , 4, opening of the aqueduct of 

• l <j i , > - *, nicircular the vestibule , 5, the superior, 0, the 

canal, 4, horizontal or external canal, posterior, and 7, the external semicir- 

5, posterior canal, *, ampulla of the cular canals, 8, spiral tube of the 

stmiuiuilar (anab, 5, first turn of cochlea (scala tympam), 9, opening of 

the cochlea, 7, second turn, 8, apex, the aqueduct of the cochlea, 10, placed 

9, fenestra rotunda The smaller figure on the lamina spiralis m the scala ves 

in outline below shows the natural size tibuli (Summering ) 

54 (Summering ) 1 

The vestibule is the middle cavity of the labyrinth, and the 
cential chainbei of the auditory apparatus It presents, m its 
inner wall, seveial openings for the entrance of the divisions of the 
auditory nerve , m its outer wall, the fenestra ovalis (2, fig 309), 
an opening filled by membrane, m which is inserted the base of the 
stapes , m its posterior and superior walls, five openings by which 
the semicircular canals communicate with it m its anterior wall 
an opening leading into the cochlea The semicircular canals have 
already been described m relation to Postuie 

The membranous labyrinth corresponds m general form with 
the osseous labyrinth The vestibule contains two membranous 
sacs, named the utricle and the saccule (fig 311), the utricle com- 

2 C 
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municates with the three membranous semicircular canals , the 

saccule communicates with the utricle 
and with the canal of the cochlea The 
vestibular division of the auditory nerve 
is distributed to the five spots shown m 
the diagram, namely, the maculae of 
utricle and saccule, and the cnstse of the 
semicircular canals The cochlear divi- 
sion of the auditory nerve is distributed 
to the whole length of the canal of the 
cochlea 

The Cochlea — This is shaped like a 
snail’s shell It is traversed by a central 
col umn or modiolus , around which a 
spiral canal winds with two and a half 
turns from base to apex It is seen 
in vertical section that this canal is 
divided partly by bone (the spiral lamina ), 
partly by membrane (the basilar mem - 
hane), into two spiral staircases or scalae, 
the scala tympani and scala vestibuh 
(fig 312) The scala vestibuh is separated 
from the tympanum by the membrane of 
the fenestia ovahs, and the scala tympam is similarly separated 
from the tympanum by the membrane of the fenestra rotunda 
Both scalae are filled with 
perilymph The basilar mem- 
brane mcreases m breadth 
from the base towards the 
apex of the cochlea It 
contains fibres (about 24,000 
m all) embedded m a homo- 
geneous matrix and running 
radially, from the spiral 
lamina to the spiral ligament , 
where its other end is again 
attached to the bone At the 




Fig 311 —Diagram of the left mem 
branous labyrinth U, utricle, into 
which the three semicircular canals 
open, S, saccule, communicating 
with the cochlea (C) by 0 R , the 
canalis reunions, and with the utricle 
by a canal having on it an enlarge- 
ment, the saccus endolymphaticus 
(S E ) The black shading repre- 
sents the places of termination of 
the auditory nerve, namely, m the 
maculae of the utricle and saccule , 
the cristse in the ampullary ends of 
the three semicircular canals , and 
m the whole length of the canal of 
the cochlea (After Schafer ) 


apex of the cochlea, the 
lamina ends m a small 
hamulus , the inner and con- 
cave part of which being 
detached from the su mmi t 
of the modiolus, leaves a 
small apertuie named the 
separated m all the rest of 


Fig 312 —Section through one of the coils of the cochlea 
(diagrammatic) ST, scala tympani, SV, scala vesti- 
bub , OG, canalis cochleae , R, membrane of Reissner , 
Iso, lamina spiralis ossea , lls, limbus laminae spiralis , 
ss, sulcus spiralis , nc, cochlear nerve , gs, ganglion 
spirals, t, membrana tectoria (below the membrana 
tectona is the lamina reticularis) , 6, membrana 
basilaris , Co, rods of Corti , Isp, ligamentum spirals 
(Quam.) 

helicotrema, by which the two scalae, 
their length, communicate (fig 316) 
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Besides the seala vestibuli and scala tympam, there is a third 
space between them, called scala media 01 canal of the cochlea (CC, 
fig 312) In section it is triangular, its external wall being formed 
by the wall of the cochlea, its upper wall (separating it from the 
scala vestibuli) by the membrane of Beissner, and its lower wall 
(separating it from the scala tympam) by the basilai membiane, 
these two meet at the outer edge of the bony lamina spiralis 
Following the turns of the cochlea to its apex, the scala media there 
terminates blindly , at the base of the cochlea a narrow passage 
(canalis leumens) unites it with the saccule The scala media (like 
the lest of the membianous labynnth) contains endolymph 



Fig 813 —Vertical section iof the organ of Corti from the dog 1 to 2, Homogeneous layer of the 
membrana basilaris, v>, vestibular layer, v } tympanal layer, with nuclei and protoplasm, a, pro- 
longation of tympanal periosteum of lamina spiralis ossea, c, thickened commencement of the 
membrana basilaris near the point of perforation of the nerves h , d, blood vessel (vas spirale) , e, 
blood vessel , /, nerv os , g, the epithelium of the sulcus spiralis mternus , internal hair cell, with 
basal process k, surrounded with nuclei and protoplasm (of the granular layer), into which the 
nerve fibres radiate , l, hairs of the internal hair cell , n, base or foot of inner pillar of organ of Corti , 
m, head of the same uniting with the corresponding part of an external pillar, whose under half is 
missing, while the next pillar beyond, o, presents both middle portion and base, r, s, three 
extornal hair colls , t , bases of two neighbouring hair or tufted cells , x, supporting cell of Deiters , 
w, nerve fibre arborising round the first of the external hair cells , l l to l, lamina reticularis 
X 800 (Waldoyer ) 

Organ of Gov to — On the basilar membrane are arranged cells 
of various shapes About midway between the outer edge of the 
lamina spiralis and the outer wall of the cochlea are situated the 
rods of Oorto Viewed sideways, they are seen to consist of an 
external and internal pillar, each rising from an expanded foot or 
base attached to the basilai membrane ( 0 , n } fig 313) They slant 
inwards towards each other, and each ends m a swelling termed 
the head, the head of the inner pillar overlies that of the outer 
Each pair of pillars forms a pointed roof arching over a space, and 
by a succession of them a tunnel is formed 

The pillars m proceeding from the base of the cochlea towards 
its apex progressively increase m length, and become more oblique , 
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m other woids, the tunnel becomes wider, but diminishes m height 
as we approach the apex of the cochlea Leaning against the rods of 
Corti are ceitain other cells called hau -cells, which terminate m small 
hail -like processes Theie aie several rows of these on the outer 
and one row on the inner side Between them are certain sup- 
porting cells called cells of Deiteis (fig 313, x) This structure rests 
upon the basilai membrane, it is roofed m by a fenestrated mem- 
brane or lamina reticularis into the fenestrae of which the tops of 
the vanous rods and cells are received When viewed from above, 
the organ of Corti shows a remarkable lesemblance to the key- 
board of a piano The top of the organ is roofed by the memhma 



Fig 314 — Cocblear division of the auditory nerve r, Restiform body , V, descending root of the fifth 
nerve, tub ac , acoustic tubercle, n aec , accessory nucleus, 5 0 , superior olive, n tr , trapezoid 
nucleus , n VI , nucleus of the sixth nerve , VI , issuing fibre of sixth nerve (Schafer ) 


tectona (fig 312, t ) which extends from the end of the limbus 
{Us } fig 312), a connective-tissue stiuctuie on the spiral lamma 
The spiral ganglion from which the cochlear nerve-fibres originate is 
situated m the spiral lamina 

The fibres of the cochlear nerve take ongm from the bipolar 
nerve-cells of the spiral ganglion of the cochlea, the peripheral 
axons ramify among the hair-cells of the organ of Corti, and the 
central axons pass towaids the pons, as they enter they bifurcate, 
and some pass to and arborise round a collection of nerve-cells 
situated between the two roots and the restiform body, called the 
accessory auditoiy nucleus , the remaining fibres terminate similarly 
in a collection of cells m the grey matter overlying the restiform 
body, and extending into the ventricular floor m its widest part 
This is called the ganglion of the root, and the mass of grey 
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matter is teimed the acoustic tubercle The auditory path is con- 
tinued by new axons that arise from these cells Those fiom the 
accessoiy nucleus enter the tiapezium, and pass in it partly to the 
superior olive and trapezoid nucleus of the same side, but mainly 
to the conespondmg nuclei of the opposite side, some fibres end 
here, others traverse the nuclei, and merely give off collaterals to 
them, they then turn upwaids m the lateral fillet, and so reach the 
inferior C quadrfgemina The fibres which arise m the acoustic 
tubercle pass superficially over the floor of the ventricle, forming the 
since acousticce , having crossed the raphe, they jom the fibres from 
the accessory nucleus m their course to the superior olive and fillet 
Here again, however, a few fibres pass to the fillet of the same 
side Fibres from the superior olive reach the nucleus of the sixth 
nerve and through the posterior longitudinal bundle the third and 
fourth nerve nuclei Their piesence partly explains movements of 
the eye m lesponse to a sound The lateral fillet communicates with 
the mfenor corpus quadngemmum and the internal geniculate body 
From the lattei the auditoiy radiation is distributed to the cortex 
of the temporal lobe, especially the transverse temporal gyn which 
lie on the upper suiface of the superior temporal gyms concealed 
within the posterior limb of the fissure of Sylvius 

Physiology of Hearing 

Sounds are caused by vibrations , when a piano-stimg is struck, 
it is thrown into a series of rapid regular vibrations, the more 
rapidly the vibrations occur the higher is the pitch of the musical 
note, the greater the amplitude of the vibration, the louder or 
more intense is the tone , if the vibrations are regular and simple 
(pendular), the tone is pure , if they are regular but compound, the 
tone is impure, and its quality or timbre is dependent on the rate 
and amplitude of the simple vibrations of which the compound 
vibrations are composed The vibrations are transmitted as waves, 
and ultimately affect the hair-cells at the extremities of the 
auditory nerve m the cochlea In the external ear the vibrations 
travel through air, m the middle ear through solid stiuctures — 
membranes and bones , and m the internal ear through fluid 

This is the normal way m which the vibrations pass, but the endolymph may be 
affected m other ways, for instance through the other bones of the head , one can, 
for example, hear the ticking of one’s watch when it is placed between the teeth, 
even when the ears are stopped From this fact is derived a valuable practical 
method of distinguishing in a deaf person what part of the organ of hearing is at 
fault The patient may not be able to hear a watch or a tuning-fork when it is held 
close to the ear , but if he can hear it when it is placed between his teeth, or on his 
forehead, the malady is localised m either the external or middle ear , if he can hear 
it in neither situation, it is a much more serious case, for then the internal ear or the 
nervous mechanism of hearing is at fault In disease of the middle ear the hearing 
of low tones is especially affected , high tones appear to be transmissible by bone- 
conduction more readily than low 
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In connection with the external ea'i there is not much more to be 
said, j the pinna m many animals is large and acts as a kind of natural 
ear- trumpet to collect the vibrations of the air , in man this function 
is to a very great extent lost, and though there are muscles present to 
move it into appropriate postures, they are not under the control of the 
will in the majority of people, and are funetionless, ancestral vestiges 

The Membrana Tyrrypam — This membrane, unlike that of 
ordinal y drums, can take up and vibrate in response to an 
imm ense range of tones differing from each other by many octaves 
This would clearly be impossible if it were an evenly stretched 
membiane It is not evenly nor very tightly stretched, but owing 
to its attachment to the chain of ossicles it is slightly funnel-shaped 
the ossicles also damp the continuance of the vibrations 

When the membrane gets too tightly stretched, by increase or 
decrease of the pressure of the air in the tympanum, then the sense 
of hearing is dulled The pressure in the tympanic cavity is kept 
the same as that of the atmosphere by the Eustachian tube , which 
leads from the cavity to the pharynx, and so to the external air 
The Eustachian tube is not, however, always open 3 it is opened by 
the action of the tensor jpalati durmg swallowing WTien the tube is 
closed — this often happens owing to swelling of the mucous membrane 
m inflammation of the throat — an interchange of gases takes place 
between the imprisoned air and the blood of the tympanic vessels 
In time, as m the aerotonometer, equilibrium is established and the 
tension of the imprisoned gases becomes equal to that of the blood 
gases, not to that of the atmosphere The membrane is therefore 
cupped inwards by the atmospheric pressure on its exterior , it is by 
this increased tightening of the membrane that deafness is produced 
There is .also an accumulation of mucus When one makes a 
violent expiration, as in sneezing, some air is often forced through 
the Eustachian tube into the tympanum The ears feel as though 
they were bulged out, as indeed the membrana tympani is, and 
there is again partial deafness, which sensations are at once reheved 
by swallowing, so as to open the Eustachian tube and thus re- 
establish equality of pressure 

The ossicles communicate the vibrations of the membrana 
tympani to the membrane which closes the fenestra ovahs (to which 
the foot of the stapes is attached) Thus the vibrations are 
communicated to the fluid of the internal ear, which is situated 
on the other side of the oval window 

The handle of the malleus vibrates with the membrana tympani , 
and the vibrations of the whole chain take place round 'the axis of 
rotation AB (fig 316) Every time C comes forwards D comes for- 
wards , but by drawing perpendiculars from 0 and D to the axis of 
rotation, it is found that D is about § of the distance from the axis 
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that 0 is So in the tiansmission of the vibrations from membrane to 
membiane across the bony chain, the amplitude of the vibration 
is decreased by about and the force is correspondingly increased 
This mciease of power is augmented by the fact that the tympanic 
membiane concentiates its power upon an area (the membrane of 
the oval window) only one- twentieth of its size The final movement 
of the stapes is, howevei, always 
very small, it varies from to 
less than ximnr °f a millimetre 
In one direction the ossicles 
move as if they were one The 
advantage of then being several 
is that movements which move 
the membiane outwards do not 
move the incus The increase of 
pressure on the inner side of the 
tympanic membrane caused there- 
fore by blowing the nose is not 
communicated to the cochlea 
The action of the tensor tympani, 
by pulling m the handle of the 
malleus, mci eases the tension of the membrana tympani It is 
supplied by the fifth (trigeminal) neive It is opposed by the 
stiong external ligament of the malleus The stapedius attached to 
the neck of the stapes tilts it backwards and diminishes the mtra- 
tympanic air-pressuie It is supplied by the seventh (facial) nerve 
The next very simple diagram (fig 316) will explain the use of 
the fenestra ootunda 



Fig 315 —Diagrammatic view of ear ossicles 


F Opal Is 
Stapes 



Scala Vestibuli 

—Trf—H—'wnrr, — fFi 

(Perilymph) 

f % 

Scala Tympani 

(Perilymph) 


Hehcotrema 


F Rotunda 

Fxa 810 —Diagram to illustrate tlio use of the fenestra rotunda The intervention of the vestibular 
perilymph between the f ovalis and the scala vestibuli is not shown 


The cochlea is supposed to be uncoiled , the scala vestibuli leads 
from the vestibule, m which is situated the fenestra ovahs, to the 
other side of which the stapes is attached , the scala tympani 
leads to the fenestra rotunda , the two scalse communicate at the 
hehcotrema, and aie separated fiom the canal of the cochlea by 
the basilar membrane, and the membrane of Eeissnei C E is 
the canalis reumens leading to the saccule The cochlea is Ailed 
with incompressible fluid m an mexpansible bony case, except 
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where the windows aie closed by membranes Hence every time 
the membrane of the oval window is bulged in by the stirrup, 
the membiane of the lound window is simultaneously bulged out 
to the same extent, and vice versa These changes of pressure are 
transmitted fiom one scala to the other directly through the cochlear 
canal, winch is set into vibration, and through the helicotrema 

The lange of hearing extends over 10 or 11 octaves , the lowest 
audible tone having about 20, the highest about 25,000, vibrations 
per second The range varies in different people, and diminishes 
from childhood onwards The upper limit of hearing may be tested 
by min ute t unin g-forks, metal rods, or by Galton s whistle Many 
animals appear to be able to detect high tones which he beyond the 
human limit The lower limit may be determined by very large 
tuning-forks, or by employing very low difference-tones 

Difference-tones are produced when two tones of different pitch, 
m and n, are sounded together A tone having the pitch on minus n 
is then heard m addition to the tones on and oi also a summation 
tone of pitch on plus n may be heard, but with greater difficulty 
When m and n are nearly equal, a beating tone, instead of a difference- 
tone, lesults, having a pitch somewhere intermediate between m and n 
If the difference between on and n is exceedingly small, this beating - 
tone alone is heard The frequency of the beats corresponds to the 
difference in vibration-rates, on and n Under certain conditions 
the difference and summation-tones (which are collectively called 
combination-tones) exist in the air, their presence is demonstrable 
by their reinforcement before appropriate resonators More generally, 
however, they appear to be produced within the ear, le, they have 
merely a subjective origin The smallest perceptible difference in 
pitch between two successive tones is about 0 2 vibrations m the 
middle region of the piano for trained subjects Practice effects 
extraordinary improvement, even among the most unmusical 


The Analysis of Sound 

It is now generally agieed that the appieciation of sound depends 
on the basilai membrane This membrane, as we have seen, separates 
the scala tympam fiom the canal of the cochlea and it is evident 
that it may be caused lo vibrate by pressure waves set up m the 
perilymph of the scala tympam The wave movements of the 
peiilymph are made possible by the flexibility of the membiane 
closing the foramen rotundum There has, however, been different 
opinions how and wheie the analysis of the sound takes place It 
has been suggested (Rutheifoid and Wnghtson) that the basilar 
membiane vibrates like a telephone leceivei and impulses are set 
up which are conveyed to the brain as by telephone, the actual 
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analysis taking place m the brain This appears unlikely, as, on 
one hand, we know of no cerebial mechanism by which such 
an analysis would take place and it has been calculated that the 
neive could not cairy the required number of impulses because of 
its refiactoiy penod Moreovei, it would not seem necessaiy to have 
such an elaboiate structure as the cochlea for such a function It 
has also been suggested (Waller-Ewald) that the basilai membiane 
itself might analyse such wave patterns according to the diffeient 
parts thrown into motion This avoids the difficulties suggested m 
relation to the Rutherford hypothesis, but like the latter cannot 
explain the loss of the power to recognise certain groups of notes 
when the membiane is injured m certain parts 

The view which is now most generally accepted is that originally 
put forwaid by Helmholtz that the different parts of the basilar 
membiane can vibiate m resonance with a particular wave to which 
it is, as it were, tuned, just as a wire of a piano can be made to 
sound if a note of suitable pitch is struck on another instrument 
Helmholtz's view is based on the fact that the fibres of the 
basilar membrane vary appreciably m length, its longest fibres 
at the apex of the cochlea being more than three times the 
length of those at the base, while the structures attached to the 
upper part of membrane have piobably more than ten times 
the mass of those attached below Between the structures are 
intermediate The long fibies vibrate to notes of 40 vibrations 
per second only, while the short fibies vibrate to those of 4000 
per second Support to this view is given by the result of 
damage to the cochlea Animals m which conditioned reflexes 
have been established to low notes lose these reflexes if the apex 
is removed Boileimakeis who become deaf to high notes show 
degeneration of the base of the cochlea, and similarly it is 
claimed that prolonged subjection of an animal to a certain sound 
leads to a corresponding cochlear degeneration It has further 
been found possible to make a model which will lespond m a 
way similar to that suggested for the cochlea 

It may be considered that the vibration of the basilai membrane 
causes a movement of the han cells which rest upon it The actual 
stimulation piobably takes place as a lesult of the contact of the 
han cells with the tectonal membiane which lests upon them In 
these cells are the endings of the auditory nerve which convey the 
impulses to the brain where their significance is appreciated It is 
not, however, to be imagined that only one fibre of the basilar 
membiane vibrates at a time, rather we must presume that banks 
of fibies vibiate m harmony with the tones and overtones which 
stimulate the membiane 
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emotion overflows the lower lid in the form of tears The secretory 
nerves aie contained in the lachrymal and temporo-malar branches 
of the fifth neive, and in the cervical sympathetic 


The Eyeball 

The eyeball (fig 317) consists of the following stiuctures — 



The Sdem 01 Sclerotic, the outermost coat, is made of white fibrous 
tissue and envelops about five-sixths of the eyeball continuous with 
it, in front, Jand occupying the lemaimng sixth is the transparent 
cornea (fig ;318) Immediately within the sclerotic is the choroid 
coat, and within the choroid is the retina The interior of the eyeball 
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is filled by the aqueous and vitnous humoms and the crystalline lens , 

but, also, theie is suspended m the interior a contractile and 

perfoiated cui Urn, the ins, which is continuous with the choioid, 

it regulates the admission of light, at the 

junction of the sclera and cornea is the 

ciliary muscle, the function of which is to 

adapt the eye foi seeing objects at various 

The Choi oul Goat is the vascular coat „ 

of the eyeball, and its connective tissue 
contains abundance of branched pigment 
cells It is separated fiom the retina by 
a fine elastic membrane ( membrane of 

The choroid coat ends m front m 
what are called the uihary processes (figs 
319, 320) These consist of from 70 
to 80 mendionally ananged radiating 
plaits, made up of blood-vessels, fibrous 
connective tissue, and pigment corpuscles 
They aie lined by a continuation of 
the membrane ot Bruch The ciliary 
processes teinnnate at the margin of 
the lens The ciliary muscle (13, 14, 
and 15, fig 319) takes origin at the ' 
corneo-scleial junction It is a ring of 
muscle, 3 mm broad and 8 mm thick, 


made up of fibres running in thiee direc- 
tions (a) Meridional fibres near the 
sclera and passing to the choroid, (b) 
radial fibres inserted into the choioid 
behind the ciliary processes, and (d) cn- 
cular fibres (muscle of Mullei), moie 
internal, they constitute a sphincter 
The Iris is a continuation of the 
choroid inwards beyond the ciliaiy pro- 
cesses It is a fibio-inuscular membrane 


Fig 818 —Vortical section of rabbit’s 
cornea, stained, with gold chloride 
e, Stratified anterior epithelium 
Immediately beneath this is the 
anterior elastic lamina of Bowman 
n, Nerves forming a delicate sub 
epithelial plexus, and sending up 
fme twigs between the epithelial 
colls to end m a second plexus on 
the free surface, d, Descemets 
membrane [lamina elastica pos 
terior], consisting of a fine elastic 
layer, covered by a layer of cubical 
epithelium, the substance of the 
cornea, /, is seen to be fibnllated, 
and contains many layers of 
branched corpuscles, ananged 


perforated by a centi al apertui e, the pupil hoJfsfen^dg^wis^^sSS ) 

Posteriorly is a layer of pigment cells 
(uvea), which is a continuation foi wards of the pigment layer of the 
retina The iris proper is made of connective tissue m front with 
corpuscles which may or may not he pigmented, and behind of similar 
tissue supporting blood-vessels The pigment cells are usually well 
developed here, as arc also many nerve-fibres radiating towards the 
pupil Surrounding the pupil is a layer of circular unstriped muscle, 
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the sphmctei pupillce In some animals there are also muscle-fibres 
which radiate from the sphincter m the substance of the iris forming 



Fig 819 —Section through the eye carried through the ciliary processes 1, Oomea , 2, membrane of 
Descemet , 8, sclera, S', comeo scleral junction, 4, canal of Schlemm, 5, vein, 6, nucleated net 
work on inner wall of canal of Schlemm , 7, lig pectmatum indis, a 6 c , 8, iris , 9, pigment of 
ms (uvea) , 10, ciliary processes , 11, ciliary muscle , 12, choroid tissue , 18, meridional, and 14, 
rad 1 ' at ng fibres of ciliary muscle , 15, ring muscle of Muller , 16, circular or angular bundles of 
cma'-v musch (Schwalbe) 


the dilator pupillce The ms is covered anteriorly by a layer of 
epithelium continued upon it from the posterior surface of the cornea 
The Lens is situated behind the ins, being enclosed m a distinct 
capsule, the posterior layer of which is not so thick as the anterior 



Fig 320 —Ciliary processes, as seen from 
behind 1, Posterior surface of the ins, 
with the sphincter muscle of the pupil , 
2, anterior part of the choroid coat, 8, 
one of the ciliary processes, of which 
about seventy are represented. 



Fig 321 —Laminated 'structure of 
the crystalline lens The laminae 
are split up after hardening m 
alcohol 1, The denser central 
part or nucleus , 2, the succes 
sive external layers } 

(Arnold ) 


It is supported m place by the suspensory ligament, fused to the 
anterior surface of the capsule The suspensory ligament is 
derived from the hyaloid membrane, which encloses the vitreous 
humour 
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The lens is made up of a senes of coneentnc laminae (fig 321), 
which, when it has been hardened, can be peeled off like the coats of 
an onion The laminae consist of long ribbon-shaped fibres, which in 
the couise of development have originated from cells The fibies 
are united together by a scanty amount of cement substance The 
cential poition (nucleus) of the lens is the hardest 

The epithelium of the lens consists of a layer of cubical cells 
antenoily, which merge at the equator into the lens fibres The 
development of the lens explains this transition 

Corneo- scleral junction — At this junction the relation of parts 
(fig 319) is so important as to need a short description In this 
neighbouihood, the iris and ciliary processes join with the cornea 
The proper substance of the cornea and the posterior elastic lamina 
become continuous with the ins, at the angle of the n is, and the iris 
sends forwards processes towards the posterior elastic lamina, 
forming the hgamentum pectmatum mdis, and these join with fibres 

3 


2 

1 


Fig 821 — Meridional section through the part of the lens of a rabbit 1, Lens capsule , 2, epithelium 
of lens , 8, tr msition of the epithelium into the fibres , 4, lens fibres (Bubucbm ) 

of the elastic lamina The epithelial covering of the posterior surface 
of the cornea is, as we have seen, continuous over the front of the 
iris At the iridic angle, the compact inner substance of the cornea 
is looser, and between the bundles aie lymph spaces called the 
spares of Fontana They are but little developed m the human 
cornea 

The spaces between the bundles of corneal tissue at the angle 
of the ms are continuous with the larger lymphatic space 
of the an tenor chamber Above the angle at the corneo-scleral 
junction is a canal, which is called the canal of Schlemm It is a 
venous channel 

The Retina apparently ends m front, near the outer part of the 
ciliary processes, m a finely-notched edge — the ora serrata — but is 
really lepiesented by the uvea to the very margin of the pupil 
The nerve-cells m the retina remind us that the optic, like the 
olfactory nerve, is not a meie nerve, but an outgrowth of the brain 

In the centre of the retina is a round yellowish elevated spot, 
about 1 mm m diametei, having a depression m the centre, called 
the macula lutea or yellow spot The depression m its centre is 
called the fovea centralis About 2 5 mm to the inner side of the 
yellow spot, is the point ( optic disc or white spot ) at which the optic 
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nerve leaves the eyeball The optic nerve-fibres are the axons of the 
nerve-cells of the retina , the dendrons of these cells ultimately 
communicate with the visual nerve-epithelium (rods and cones) 

The optic nerve passes backwards to the ventral surface of the 
brain enclosed in prolongations of the membranes, which cover the 
brain This external sheath at the exit of the nerve from the 
eyeball becomes continuous with the sclera, which at this part is 
perforated by holes to allow of the passage of the optic nerve-fibres, 
the perforated part being the lamina cribrosa The fibres of the 
nerve themselves are exceedingly fine, and are surrounded by the 
myelin sheath, but do not possess the ordinary external nerve 
sheath In the centre of the nerve is a small artery, the artena 
centralis retmce The number of fibres in the optic nerve is said to 
be upwards of 500,000 

The retina consists of certain elements arranged m ten layers 
from within outwards (figs 323, 324) 

1 Membrana hmitans mterna — This so-called membrane m 
contact with the vitreous humour is formed by the junction laterally 
of the bases of the sustentacular or supporting fibres of Mullet , which 
bear the same relation to the retina as the neuroglia does to the 
brain 

2 Optic nerve-fibres — This layer is of very varying thickness m 
different parts of the retina, it consists of non-medullated fibres 
which interlace, and most of which are the axons of the large 
nerve-cells forming the next layer 

3 Layer of ganglion cells — This consists of large multipolar 
nerve-cells with large and round nuclei, forming either a single 
layer, or m some parts of the retina, especially near the macula 
lutea , where this layer is very thick, it consists of several strata of 
nerve-cells They are arranged with their single axis-cylinder 
processes inwards These pass mto and are contmuous with the 
layer of optic nerve-fibres Externally the cells send off several 
branched processes which pass mto the next layer 

4 Inner molecular layer — This presents a finely granulated 
appearance It consists of neuroglia traversed by numerous fibrillar 
processes of the nerve-cells just described, and the minute branch- 
ings of the processes of the bipolar cells of the next layer 

5 Inner nuclear laym — This consists chiefly of numerous small 
round cells, each with a very small quantity of protoplasm surround- 
ing a large ovoid nucleus The large oval nuclei (fig 323) belonging 
to the Mullerian fibres occur also m this layer 

6 Outer molecular layer— This layer closely resembles the inner 
molecular layer, but is much thinner It contains the branchings of 
the rod and cone fibres on the one hand and of the bipolar cells on 
the other 
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7 External nuclear layer— T . his layer consists of small cells 
resembling at first sight those of the internal nuclear layer, they 
are classed as rod and cone granules, according as they are connected 
with the rods and cones respectively, and will be described with 
them 

8 Mem h ana hmitans externa — This is a well-defined membrane, 
marking the internal limit of the rod and cone layer, and made up 
of the junction of the sustentacular or Mullerian fibres externally 
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Outer mole 
cular layer 


Spongio 

blasts 


Timor mole 
cular layer 


Fit? 828 -^Diagram showing the susten 
tatular fibres of the rotma, /, fibre- 
basket above the external limiting 
membrane, in, nucleus of the fibre, 
r, base of the fibre 

(From M'Jumdnck, after fetohr ) 
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Fio 824 —Diagram of retinal elements In a 
section of tho retina the pigment and molecular 
layeis are most ovrdout (Modified fiom 
Schultze ) For explanation of numbers see text 


9 Layer of rods and cones — This layer is the nerve-epithelium 
of the letma It consists of two kinds of cells, rods, and cones, 
which aio ai ranged at right angles to the external limiting mem- 
brane, and supported by han-like processes ( basket ) proceeding from 
the latter foi a short distance (fig 323) 

Each rod (fig 324) is made up of two parts, very different m 
structure, called the outer and inner limbs The outer limb of the 
rods is about 30 /x long and 2 jx bioad, is transparent, and doubly 
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refracting It is said to be made up of fine superimposed discs 
It stams brown with osmic acid but not with haematoxylm, and 
resembles m some ways the my elm sheath of a medulla ted nerve 
It is the pait of the rod m which the pigment called visual purple is 
found In some animals a few rods have a greenish pigment instead 
The mnei lim b is about as long but slightly broader than the outer, 
is longitudinally striated at its outer, and granular at its mner part 
It stams with haematoxylin, but not with osmic acid Each rod is 
connected internally with a rod fibre , very fine, but here and there 
varicose, m the middle of the fibre is a rod granule , really the 
nucleus of the rod, striped broadly transversely, and situated about 
the middle of the external nuclear layer , the internal end of the rod 
fibie terminates in branchings m the outer molecular layer 

Each cone (fig 324), like each rod, is made up of two limbs, 
outer and mner The outer limb is tapering and not cylindrical like 



Fig 325 —Pigmented epithelium of retina (after Greefl) A, Surface view , n, nucleus B, Single 
cell in profile view , a , free surface , 6, nucleus , c, pigment free cytoplasm , d, pigmented 
cytoplasm, e, pigmented processes 


the corresponding part of the rod, and about one-third only of its 
length There is, moreover, no visual purple found m the cones 
The inner limb of the cone is broader m the centre It is proto- 
plasmic, and under the influence of light has been seen to execute 
movements In birds, reptiles, and amphibia, there is often a 
coloured oil globule present here Each cone is m connection by its 
mternal end with a cone fibre , which has much the same structure 
as the rod fibre, but is stouter and has its nucleus ( cone granule) 
quite near to the external limiting membrane Its inner end 
terminates by branchings in the external molecular layer 

In the rod and cone layer of birds, the cones usually pre- 
dominate largely m number, whereas in man the lods are by 
far the more numerous, except m the fovea centralis, where cones 
only are present The number of cones has been estimated at 
3,000,000 
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10 Pigment-cell layer —This layer consists of a single layer of 
polygonal cells, which send clown a beard-like fringe to suriound 
the outei ends of the locls 

Differences m structure of different parts — Towards the centre 
of the macula lutea all the layers of the retina become greatly 
thinned out and almost disappear, except the rod and cone layer, 
and at the fovea. \ centralis the rods disappear, and the cones are 
long and narrow At the margin of the fovea the layers 
increase in thickness, and m the rest of the macula lutea 
are thicker than elsewheie The ganglionic layei is especially 
thickened, the cells being six to eight deep (2, fig 326) Cone 
nuclei are obliquely disposed (fig 326) on the course of the 
cone fibres, and aie situated at some distance from the membrana 
hrnitans externa, winch is cupped 
towards the fovea (fig 326) 

The yellow tint of the macula is 
due to a diffuse colouimg mattei 
m the mtei stices of the four oi 
five inner layers , it is absent at 
the centre of the fovea 

It is important to notice what 
is clearly brought out m fig 324, 
that at the fovea each cone is 
connected to a separate chain of 
neurones, wheicas m othci regions 
the rods and cones aie connected 
m groups to these chains, this 
explains the gi eater sensitiveness 
of foveal vision winch has been confirmed by measurement of the 
excitability of the letma at different points 

At the ora serrala the layers are not perfect and disappear m 
this order nerve-fibres and ganglion cells, then the rods, leaving 
only the inner limbs of the cones, next these cease, then the outer 
molecular layei, the inner and outer nuclear layers coalescing, and 
finally the inner moleeulai layer also is unrepresented 

At the par , s Lilians retinae, the retina consists of a layei of 
columnar cells, which piobably represent the Mullerian fibres These 
cells externally arc m contact with the pigment layer of the retina, 
which is continued over the ciliary processes and back of the iris 
Neivous structures aie absent 

At the exit of the optic nerve the only structures present are 
nerve-fibres 

The anterior chamber is the space behind the cornea and m 
front of the iris Between the iris and the lens is the posterior 
chamber They aie filled with aqueous humour (dilute lymph) 



Fia —Diagram of a section through half the 
fovea centralis 2, Ganglionic layer, 4, inner 
nuclear, 6, outer nuclear layer, the cone fibres 
forming the so called extei nal fibrous layer 
7, cones , ml e , membrana limitans externa , 
m l ? , membrana limitans interna (bchafer and 
Golding Bird ) 
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The vitreous humour, which is a jelly-like connective tissue, 
is situated behind the crystallme lens It is enclosed m the hyaloid 
membrane which in front is continuous with the capsule of the 
lens , round the edge of the lens the canal left is called the Canal of 
Petit, the membiane itself being the Zonule of Z%nn The hyaloid 
membrane separates the vitreous humour from the retma 

Bloodvessels of the Eyeball — The eye is very richly supplied with blood- 
vessels In addition to the conjunctival vessels which are derived from the palpe- 
bral and lachrymal arteries, there are at least two other distinct sets of vessels 
supplying the tunics of the eyeball 

(1) These are the short and long posterior ciliary arteries which pierce the 
sclera m the posterior half of the eyeball, and the anterior ciliary which enter 
near the insertions of the recti These vessels anastomose and form a rich choroidal 
plexus , they also supply the ms and ciliary processes, forming a highly vascular 
circle round the outer margin of the iris and adjoining portion of the sclera The 
distinctness of these vessels from those of the conjunctiva is well seen m the 
difference between the bright red of blood-shot eyes (conjunctival congestion), and 
the pink zone surrounding the cornea which indicates deep-seated ciliary congestion 

(2) The retinal vessels are derived from the artena centralis retmce, which 
enters the eyeball along the centre of the optic nerve They ramify all over the 
retina, m its mner layers They can be seen by ophthalmoscopic examination 

Intraocular Pressure 

The fluids in the eye are under a pressure of 20 to 30 mm Hg , 
and may be measured accurately by plunging through the sclera a 
hollow needle attached to a manometer The general tension of 
the eyeball can be appreciated also on oneself by palpation with 
two fingers Clinically the pressure is measured by a tonometer 
m which a piston works against a standardised spring In the 
condition of glaucoma the pressure may so increase that it inter- 
feres with the blood supply of the retma, and may cause blindness 
The mode of formation and drainage of the fluid of the eye is therefore 
of much practical importance The aqueous humour appears to be 
produced like lymph, its pressure depending on capillary pressure 
and the osmotic pressure of the blood rather than arterial pressure 
Formally, as pointed out by Duke-Elder, since the pressure m the 
exit veins is greater than the intra- ocular piessure there is an 
equilibrium, but if the latter pressure is increased as m glaucoma, 
the region of the canal of Schlemm, into winch open the spaces of 
Fontana at the outer edge of the iris (the filtration angle), is of great 
importance as a drainage area, as shown by the injection of dyes 
borne fluid may also escape by the crypts on the anterior surface of 
the iris and by the vitreous humour to the lymphatics or retinal 
veins 

The Eye as an Optical Instrument 

In a photographic camera images of external objects are thrown 
on a screen at the back of a box, the mterioi of which is painted 
black In the eye, the camera is represented by the eyeball with its 
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black pigment, the screen by the layer of rods and cones of the 
retina, and the lens by the refracting media In the camera, the 
screen is enabled to receive clear images of objects at different 
distances, by an apparatus for focussing The corresponding con- 
trivance m the eye is called accommodation 

The ms, which allows more or less light to pass mto the eye, 
corresponds with the diaphiagms used m the photographic 
apparatus 

The refractive media are the cornea, aqueous humour, crystalline 
lens, and vitreous humour The most refraction or bending of the 
rays of light occurs where they pass from the air mto the cornea, 
they are again bent slightly m passing through the lens Alterations 
m the anterior curvature of the lens lead to accommodation 

We may first consider the refraction through a transparent 
spherical surface, separating two media of different density 



Fig 327 —Diagram of a nimplo optical s’vst'mi (after M Foster) The curved surface, 5, <2, is supposed 
to separate a loss rcfractivo medn m va v ds “■no left from a more refractive medium towards the 
right 

The rays of light which fall on the surface exactly perpendicu- 
laily do not suffer refraction, but pass through, cutting the optic 
axis (0 A, fig 327), a line which passes exactly through the centie 
of the surface, at a eeitam point, the nodal point (fig 327, 17), or 
centie of curvature Any rays which do not so strike the curved 
surface are refracted towaids the optic axis Bays which impinge 
upon the spherical suiface parallel to the optic axis meet on the 
optic axis at a point which is behind the nodal point and is called 
the chief posterior focus (fig 327, I\) , and again there is a point 
on the optic axis m front of the surface, rays of light from which 
so strike the surface that they aie refracted m a line d f" parallel 
with the axis, this point (fig 327, F 2 ) is called the chief anterior 
focus The optic axis cuts the surface at the principal point 

It is quite obvious that the eye is a much more complicated 
optical apparatus than the one described m the figure It is, how- 
ever, possible to reduce the refractive surfaces and media to a 
simpler form when the refractive indices of the different media 
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and the curvature of each surface are known These data are as 
follows — 

Index of refraction of cornea 

„ „ aqueous and vitreous 

lens 

Radius of curvature of cornea 

,, „ anterior surface of lens 

„ ,, posterior 

Distance from anterior surface of cornea to 
anterior surface of lens 

Distance from posterior surface of cornea to 
posterior surface of lens 

Distance from posterior surface of lens to 
retina 

It is important to note that the cornea plays the greatest 
pait m refiaction in man although it is less important m fishes 
With the aid of glasses a human being can still see quite well after 
the lens has been removed for cataract 

With these data it has been found comparatively easy to reduce, 
by calculation, the different surfaces of different curvature into one 
mean curved surface of known curvature, and the diffeiently refract- 
ing media mto one mean medium the refractive power of which 
is known 

The simplest so-called schematic eye formed on this principle, 
suggested by Listing as the reduced schematic eye , has the following 
more impoitant dimensions — 

Retina lies behind cornea = 22 8237 mm 

The nodal point lies m front of posterior surface of lens = 0 4764 

From the nodal point to retina, 1 e focal length = 15 4700 

Radius of ideal surface = 5 121 8 ’’ 

The term index of refraction means the ratio of the sine of the 
angle of incidence to that of the angle of refraction , this is explained 
in the small text beneath fig 328 

In this 1 educed or simplified eye, the principal posterior focus, 
about 23 mm behind the spherical surface, would correspond to the 
position of the retina behind the anterior surface of the cornea The 
refracting surface would be situated about midway between the 
posterior surface of the cornea and the anterior surface of the 
lens 

The optical axis of the eye is a line drawn through the centres of 
curvature of the cornea and lens, prolonged backwards to touch the 
retina between the porus opticus and fovea centralis, and this differs 
irom the visual axis which passes through the nodal point of the 
reduced eye to the fovea centralis , this forms an angle of 5° with 
the optical axis But for practical purposes the optical axis and the 
visual axis may be considered to be identical 


= 1 37 
= 1 34 to 1 36 

fl 4 m outer to 1 45 
\ in inner part 
= 7 8 mm 


= 3 6 „ 

= 7 2 „ 
= 15 0 „ 
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The visual 01 optical angle (fig 329) is included between the lines 
diawn fiom the boideis of any object to the nodal point, if the 
lines are piolonged backwaids they include an equal angle It has 
been shown by Helmholtz that the smallest angulai distance between 

N 



Fia 328 —If P V is a lino wlncli soparates two media, the lower one being the denser, and AO is a ray 
of light falling on it. it m bent at 0 towards the normal or perpendicular line NN' AO is called 
the Incident ray, and O B the refracted ray , A O N is called the angle of incidence (%), N O B the 
angle of refraction (r) If any distance O X is measured oif along 0 A, and an equal distance O X 

along 0 B, and perpendiculars drawn to N N', then mde\ of refraction 

two points which can be appieciated as two distinct points = 50 seconds, 
the si/o of the letinal image being 3 65 pi, this is a little moie than 
the diametei of a cone at the fovea centralis which = 3 pi, the distance 
between the centres of two adjacent cones being = 4 /x. If the two 



points are so close together that they subtend a visual angle less 
than 50 seconds, both images will fall upon one cone, and the two 
points will therefore appear as one i 

The Formation of a Retinal Image — Any object, for example 
the anow A B (fig 330), may be considered as a senes of points 
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from each of which rays of light diverge towards the eye Take, 
for instance, the rays diverging from the tip of the arrow A, C C 
represents the curvature of the schematic or reduced eye, the ray 
which passes through the centre of the lens system, % e the nodal 
point, is not refracted (the asterisk m fig 330), it is near the 
posterior surface of the crystalline lens, the ray A C, which is 
parallel to the optic axis 0 O', is refracted through the principal 
posterior focus P, and cuts the first ray at the point A' on the 
retina The other rays from A meet at the same point to form an 
image Similarly the other end of the arrow B is focussed at B', 
and rays from all other points have corresponding foci 

It will thus be seen that an inverted image of external objects is 
formed on the retina The retina is a curved screen, but the images 



fall only on a small area of the retina under normal conditions, 
hence, for practical purposes, this small area may be regarded 
as flat 

The question then arises, Why is it that objects do not appear to 
us to be upside down ? This cannot be satisfactorily answered without 
entering into matters which require a previous psychological train- 
ing Suffice it to say here that the localisation of objects m space 
depends not only on the retina, but also on tactile and general 
experience, that the mind localises objects with reference to its 
own body, and that from the first it knows nothing of the inversion 
of the retinal image, as its powers of localisation only appear with 
developing general experience 1 

The size of a retinal image may readily be calculated as indicated 
by fig 329, from a knowledge of the size of the object and its distance 
from the eye (nodal point), the distance of the nodal point from the 
image on the retma being taken as 15 5 mm Thus an object 1 metre 
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long and 5 metres from the eye produces an image x times the size of 
15 5 

the object, which is + the distance of the object fiom the cornea, 
15 5 

le 1000 x = 3 mm (approx) In a similar way, by mapping 

out the blind spot on a blackboard a given distance away we may 
measuie the size of the optic disc 


Accommodation 

The power of accommodation is primarily due to an ability to 
vary the shape of the lens , its front surface becomes moie or less 
convex, accoidmg as the distance of the object looked at is near or 
far The nearer the object, the more convex, up to a certain limi t, 
the fiont suiface of the lens becomes, and vice veisa, the back 
surface takes no share m the production of the effect required 
The posterior surface, which durmg rest is more convex than the 
anterioi, is thus relatively the less convex of the two during 
accommodation The following simple ex- 
periment illustrates this point If a lighted 
candle is held a little to one side of a 
person's eye an observer looking at the eye 
from the other side sees three images of the 
flame (fig 331) The first and brightest 
is (1) a small erect image formed by the 
anterior convex surface of the cornea , the 
second (2) is also erect, but larger and less 
distinct than the preceding, and is formed at 
the anterior convex surface of the lens, 
the third (3) is smaller, inverted, and indis- 
tinct , it is formed at the posterior surface 
of the lens, which is concave foiwaids, and 
therefore, like all concave mirrors, gives an inverted image If 
now the eye under observation is made to look at a near object, the 
second image becomes smaller, clearer, and approaches the first If 
the eye is now adjusted for a far-pomt, the second image enlarges 
again, becomes less distinct, and recedes from the first In both 
cases the first and third images remam unaltered m size, distinct- 
ness, and position This proves that during accommodation for near 
objects the curvature of the cornea, and of the posterior surface of the 
lens, remain unaltered, while the anterior surface of the lens becomes 
more convex and approaches the cornea 

The experiment is more striking when two bright images (repre- 
sented by arrows m fig 332) are used, the two images from the 



Fig 331 — Diagram showing three 
reflections of a candle 1, From 
the anterior surface of cornea , 
2, from thei antenor surface of 
lens , 8, from the posterior sur 
face of lens 
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front suiface of the lens during accommodation not only approach 
those fiom the cornea, but also approach one another, and become 



^ „oo c, images A, when the eyes are not, and B, when they are focussed for 

near^ect^ The mow to the°right m A and B is the inverted image from the posterior surface 
of the lens 


somewhat smaller (Sanson’s Images ) Helmholtz’s phakoscope (fig 
333) is a box with arrangements for demonstrating this experiment 
Mechanism of Accommodation —The lens having no mheient 
power of contraction, its changes of outline must he produced by 



Fig 333 —Phakoscope of Helmholtz At B B are two prisms, by which the light of a candle is con 
centrated on the eye of the person experimented with, which is looking through a hole m the third 
angle of the box opposite to the window G A is the aperture for the eye of the observer The 
observer notices three double images, represented by arrows, m fig 332, reflected from the eye 
under examination when the eye is fixed upon a distant object , the position of the images having 
been noticed, the eye is made to focus a near object, such as a reed pushed up at G, the images 
from the anterior surface of the lens will then be observed to move as described in the text 


some power from without, this power is supplied by the ciliary 
muscle Its action is to draw forwards the choroid, and by so 
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doing to slacken the tension of the suspensory ligament of the 
lens which anses fiom it The antenor surface of the lens is 
kept flattened by the action of this ligament The ciliaiy muscle 
during accommodation, by diminishing the tension of this ligament, 
diminishes to a propoitional degiee the flattening of which it is 
the cause On diminution or cessation of the action of the cihary 
muscle, the lens xeturns to its former shape (fig 334) Fiona 
this it will appear that the eye is usually focussed for distant 
objects In viewing near objects the ciliary muscle conti acts , the 
ciliary muscle relaxes on withdrawal of the attention from near to 
distant objects 

I) ui mg accommodation two other changes take place m the eyes 
(1) The eyes converge owing to the action of the internal lectus muscle 
of each eyeball (2) The pupils contract 



Ftfl Mil —Diagram representing, by dotted lines, the alteration m the shape of the lens 
on accommodation for near objects (E Landolt ) 

The contraction of all of the muscles which have to do with 
accommodation, viz, of the ciliary muscle, of the internal lecti 
muscles, and of the sphincter pupillae, is under the control of the 
thud neive It should further be noted that although the act is a 
voluntaty one, the fibres of the ciliary muscle and of the sphincter 
pupillae aie of the plain variety 

The account of accommodation as given m the preceding pages is true for man 
and other mammals, some birds, and certain reptiles 

Beer has, however, shown that in many animals lower in the scale, the 
mechanism of accommodation varies a good deal, and is often very different from 
that just described, consisting, m fact, in a power of altering the distance between 
the lens and the retina 

In bony fishes, the eye at rest is accommodated for near objects , m focussing 
for distant objects the lens is drawn nearer to the retina by a special muscle called 
the ? eti actor lentu In cephalopods the same occurs, but the retractor lentis is 
absent , here the approach of the lens to the retina is brought about by an alteration 
of intra-ocular tension In amphibia and most snakes, the eye at rest is focussed 
for distant objects , in accommodating for near objects the lens, by alteration of 
intra-ocular tension, is brought forward, that is, the distance between it and the 
retina is increased There appear to be not a few animals m all classes which do 
not possess the power of accommodation at all Indeed Barrett states this is so 
for most mammals 
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Range of Distinct Vision Near-pomt — In every eye there is a 
limit to the power of accommodation If a book is brought nearer 
and nearer to the eye, the type at last becomes indistinct, and cannot 
be brought into focus by any effort of accommodation, however 
strong This, which is termed the near-pomt, can be determined 
by Scheme') 1 s expeiiment Two small holes are pricked m a card 
with a pm not more than a -twelfth of an inch (2 mm ) apart , 
at any rate their distance from each other must not exceed the 
diameter of the pupil The card is held close in front of the eye, 
and a small needle viewed through the pin-holes At a moderate 
distance it can be clearly focussed, but when brought nearer, beyond 
a certain point, the image appears double This point where the 
needle ceases to appear smgle is the near-pomt Its distance 
from the eye can be readily measured It is usually about 5 



pi n l 

Fig 8S5 —Diagram of experiment to ascertain the minimum distance of distinct vision 


or 6 inches (13 cm) In the accompanying figure (fig 335) the 
lens b repiesents the refractive apparatus of the eye, e and f the 
two pm-holes in the card, nn the retina , a represents the position 
of the needle When the needle is at a moderate distance, the two 
pencils of light coming through e and/ are focussed at a smgle point 
on the retina nn If the needle is brought nearer than the near- 
pomt, the strongest effort of accommodation is not sufficient to focus 
the two pencils, they meet at a pomt behind the retina The effect 
is the same as if the retina were shifted forward to mm Two 
images h } g are formed, one from each hole It is interesting to 
note that when two images are produced, the lower one g really appears 
m the position Q, while the upper one appears m the position p 
This may be readily verified by covering the holes m succession 

Defects m the Optical Apparatus 

Under this head we may consider the defects known as (1) 
Myopia, (2) Hypermetropia, (3) Astigmatism, (4) Spherical Aber- 
ration, (5) Chromatic Aberration, and (6) Presbyopia 

The normal {emmetropic) eye is so adjusted that at rest parallel 
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rays are brought exactly to a focus on the retina (1, fig 336) 
Hence all objects except near ones (practically all objects more than 
twenty feet off) are seen without any effort of accommodation , m 
other words, the far-pomt of the normal eye is at an infinite distance 



Fig 886 — Diagram showing— 1, normal ( emmetropic ) eye bringing parallel rays exactly to a focus on 
the retina 2 normal eye adapted to a near point, without accommodation the rays would he 
focussed behind the retina, but by increasing the curvature of the anterior surface of the lens 
(shown by a dottod line) the rays are focussed on the retina (as indicated by the meeting of the two 
dotted lines) 8 Jiyp^rmi tropic eye , in this case the axis of the eye is shorter than normal , parallel 
ravs are focussed behind the retina , 4, myopic eye , m this case the axis of the eye is abnormally 
ffi narallel ?ays are focussed in front of the retina The figure incorrectly represents the 
refract?™ as occurring only in tlie crystalline lens . the principal refraction really occurs at the 
anterior surface of the cornea 


In viewing near objects we are conscious of the effort (the contraction 
of the ciliary muscle), by which the anterior surface of the lens is 
rendered more convex, and rays which would otherwise be focussed 
behind the retina are converged upon the retma (see dotted lines, 
2, fig 336) 
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1 Myopia (short-sight), (4, fig 336)— This defect is due to an 
abnormal elongation of the eyeball The retina is too far from the 
lens, and consequently paiallel rays are focussed m fi ont of the 
retina, and, ciossmg, form little circles on the retina, thus the images 
of distant objects are blurred and indistinct The eye is, as it were, 
permanently adjusted for a near-point Rays from a point near the 
eye are exactly focussed on the retina But those which issue from 
any object beyond a certain distance (f a? -jpomt) cannot be distinctly 
focussed This defect is corrected by concave glasses which cause the 
rays entermg the eye to diverge hence they do not come to a focus 
so soon Such glasses, of course, are only needed to give a clear 
vision of distant objects Tor near objects, except m extreme cases, 
they are not required 

2 Hypermetropia (3, fig 336) — This is the reverse defect The 
eyeball is too short Parallel rays are focussed behind the retina 
an effort of accommodation is required to focus even parallel rays on 
the retina , and when they are divergent, as in viewing a near object, 
the accommodation is insufficient to focus them Thus, m well- 
marked cases, distant objects require an effort of accommodation, and 
near ones a very powerful effort, and the ciliary muscle is, therefore, 
constantly acting This defect is obviated by the use of convex glasses, 
which render the pencils of light more convergent Such glasses 
are, of course, especially needed for near objects, as m reading, etc 
They rest the eye by relieving the ciliary muscle from excessive work 

3 Astigmatism — This defect, which was first discovered by 
Any, is due to a greatei cuivature of the eye in one meridian than 
m others The eye may be even myopic m one plane, and hyper- 
metropic in others Thus vertical and horizontal lines crossing each 
other cannot both be focussed at once , one set stands out clearly, 
and the others are blurred and indistinct This defect, which is 
present m a shght degree m all eyes, is generally seated m 
the cornea, but occasionally m the lens as well, it may be 
corrected by the use of cylmdiical glasses (le, curved only m 
one direction) 

4 Spherical Aberration — The rays of a cone of light from an 
object situated at the side of the field of vision do not meet all m 
the same point, owing to then unequal refraction , for the refraction 
of the rays which pass through the edge of a lens is greater 
than that of those traversing its central portion This defect 
ls known as spherical aberration, and m the camera, telescope, 
microscope, and other optical instruments, it is remedied by the 
interposition of a screen with a circular aperture m the path of the 
rays of light, cutting off all the marginal rays, and only allowing the 
passage of those near the centre Such correction is effected in the 
eye by the ms, which prevents the rays from passing through any 
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part of the refractive apparatus but its centre The image of an 
object will be most defined and distinct when the pupil is narrow 
the object at the propei distance for vision, and the light abundant ’ 
so that, while a sufficient number of lays are admitted, the narrow- 
ness of the pupil may prevent the production of indistinctness of 
the image by s .pJiet teal alert atton 

Distinctness of vision is further secured by the pigment of the 
outer suiface of the retina, the posterior surface of the ins and the 
ciliary processes, which absorbs most of the hght which is reflected 
within the eye, and pi events its being thiown again upon the retina 
so as to interfere with the images theie foimed 

5 Chromatic Aberration — In the passage of light through an 
ordinal y convex lens, decomposition of each ray into its elemental y 
colours commonly ensues, and a coloured margin appears around 
the image, owing to the unequal refraction which the elementary 
colours undergo In optical installments this, which is termed 
chtomahc abort atton, is conected by the use of two or moie lenses, 
differing in shape and density, the second of which continues or 
increases the leiiaction of the rays produced by the first, but by 
recombining the individual paits of each ray into its ongmal white 
light, corrects any chromatic aberration which may have resulted 
from the first It is probable that the unequal refractive power of 
the transparent media m front of the retina may be the means by 
which the eye is enabled to guard against the effect of chromatic 
alienation The human eye is achromatic, however, only so long as 
the image is received at its focal distance upon the retina, or so 
long as the eye is propeily accommodated If these conditions 
are interfered with, a moie 01 less distinct appearance of colours is 
produced 

From the insufficient adjustment of the image of a small white 
object, it appeals surrounded by a sort of halo or fr ing e This 
phenomenon is teimed Irradiation It is partly for this reason that 
a white squaie on a black giound appears larger than a black square 
of the same size on a white ground The phenomenon is naturally 
more maiked when the white object is a little out of focus 

6 Defective Accommodation — Presbyopia — This condition is due 
to the giadual loss of the power of accommodation which is an early 
sign of advancing years In consequence, the person is obliged m 
leading to hold the book farther and farther away m order to focus 
the letters, till at last the letters are held too far for distinct vision 
The defect is remedied by weak convex glasses It is due chiefly to 
the gradual increase m density of the lens, which is unable to swell 
out and become convex when near objects are looked at, and also to 
a weakening of the ciliary muscle, and a general loss of elasticity in 
the parts concerned m the mechanism 
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Retmoscopy 

The refractive power of a lens is expressed m terms of its 
principal focal distance, if this is 1 metre, it is said to have the 
refractive power of 1 diopter (ID), a lens 2 D has a focal length of 
| a metre, and a lens ^ D has a focal length of 2 metres, and so on 
The lenses necessary for correcting errors of refraction m an eye are 
best determined by a simple instrument called a retmoscope , this is 
a small circular plane mirror, perforated by a hole m the centre 
through which the observer looks If one reflects a spot of light 
from this on to a flat suiface, any movement of the mirror produces 
a movement of the spot of light m the same direction, if the suiface 
selected, howevei, is the eye of another person, the direction of 
movement of the illuminated spot on the retina may or may not be 
the same as that m which the mirror is moved, according as whethei 
the observed eye is normal, hypermetropic, or myopic If the 
observed eye is just a metre away from the observer, and is 
emmetropic, then as the mirror is tilted from side to side the spot 

moves in the same direction If a convex lens is placed m a 

spectacle frame in front of the observed eye, the parallel rays which 
emerge from the retma are brought to a focus and cross before 
reaching the eye of the observer Then the spot will move in the 
opposite direction to the mirror A lens of less than 1 D will not, 
however, accomplish this reversal, a lens of more than 1 D will 

So that a lens of 1 D marks the exact point of reversal If the 

observed eye is hypermetropic, the movement of the spot of light is 
also with the mirror, but stionger lenses than 1 D must be intro- 
duced to get the point of reversal If the lens m any particular 
case necessary for this purpose is 5 D , then the error of refraction 
is 4 D and spectacles may be ordered accordingly * , for one always 
has to subtract 1 D , since that is required to get reversal with the 
normal eye 

When the spot of light moves against the mirror’s movements 
from the first, then the observed eye is myopic, and the myopia is 
greater than 1 D The “ pomt of reversal ” is determined by intro- 
ducing concave lenses of increasing strength into the spectacle frame 
until the spot moves m the same direction as the mirror , the degree 
of myopia is equivalent to the value of the lens which accomplishes 
the reversal plus 1 D to allow as before for the noimal eye 

Many people have differences m the refractive error of their two 
eyes, so each should be tested separately If the observed eye is 
astigmatic the observations are more complicated, and must be made 
m the different meridians of the eye, and the point of reversal 
determined m each meridian by means of suitable cylindrical lenses 
* The full correction often causes discomfort, and in practice is rarely ordered 
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Functions of the Iris 

The ms has the following two uses — 

1 To act as a diaphragm in order to lessen sphencal aberration 
m the mannei just described This is specially necessary when one 
wishes to obtain a cleaily defined image of an object, the pupil 
therefoie conti acts when accommodation for a near object takes 
place 

2 To legulate the amount of light entering the eye In a bright 
light the pupil contracts , in a dim hght it enlarges This may be 
perfectly well seen m one’s own iris by looking at it in a mirror 
while one alternately turns a gas-light up and clown 

The muscle-fibres (unstriped m mammals, striped m birds) of 
the iris are arranged circularly around the margin of the pupil, and 
radiatingl y from its margin The radiating fibres are best seen m 
the eyes of birds and otteis, some look upon them as elastic m 
nature, but there is little doubt that they are contractile Those 
who believe they are not contractile explain dilatation of the pupil 
as due to inhibition of the circular fibres But if the iris is stimu- 
lated near its outer margin at three different points simultaneously 
the pupil assumes a triangular shape, the angles of the triangle 
corresponding to the points stimulated, this must be due to con- 
traction of three strands of the radiating muscle , inhibition of the 
circular fibres would occur equally all round 

The ms is supplied by three sets of nerve-fibres contamed m 
the ciliary nerves 

(a) The third nerve via the ciliary ganglion and short ciliary 
nerves supplies the circular fibies (fig 344, p 852) 

(b) The cervical sympathetic supplies the radiating fibres The 
cilio-spmal centre which governs them is m the cervical legion of 
the coid The fibres leave the cord by the anterior roots of the 
first and second thoracic nerve, pass into the cervical sympathetic, 
and reach the eyeball via the ophthalmic blanch of the trigeminal, 
and long ciliary neives (fig 344) 

(c) Fibres of the trigeminal nerve which are sensory 

Certain drugs dilate the pupil These are called mydnatics , 
atiopme is a well-known example Others cause the pupil to 
contract These are called myotics , physostigmme and opium 
(taken internally) are instances Different drugs act m different 
ways, some exerting then activity on the muscular, others on the 
nervous stiuctuies of the iris, while some act centrally on the 
biam 

Wo may sum up the principal conditions under which the pupil 
conti acts and dilates, m the following table — 
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Causes of — 

Dilatation of tlie Pupil 

1 Paralysis of the third nerve 

2 Stimulation of the cervical 
sympathetic 

3 In the dark 

4 When the accommodation is 
relaxed 

5 Under the local influence of 
atropine This drug also 
paralyses the ciliary muscle 

6 In asyphxia This is an 
important danger-signal m 
anaesthesia 

7 The injection of adrenaline 

8 Under the influence of cer- 
tain emotions, such as fear 

9 During pain 
10 In ether anaesthesia 

There is a close connection of the centres that govern the activity 
of the two mdes If one eye is shaded by the hand, its pupil will 
of course dilate, but the pupil of the other eye will also dilate 
The two pupils always contract or dilate together but may be 
prevented from doing so by local injury to the nerves of one side 
or the local action of drugs 

Functions of the Retina 

The retina is the nervous coat of the eye , it contains the layer 
of nerve-epithelium (rods and cones) which is capable of receiving 
the stimulus of light, and transforming it into a nervous impulse 
which passes to the bram by the optic nerve 

The layer of rods and cones is at the back of the other 
retinal layers, which the light has to penetrate before it can 
affect this layer The proofs of the statement that this is the 
layer of the retina which is capable of stimulation by light are 
the following — 

(1) The point of exit of the optic nerve from the retina, 
where the rods and cones are absent, is insensitive to light, and is 
called the blind spot This is readily demonstrated by what is known 
as Mariotte’s experiment If we dnect one eye, the other being 
closed, upon a point at such a distance to the side of any object, 
that the image of the latter must fall upon the retina at the point of 


Contraction of the Pupil 

1 Stimulation of third neive 

2 Paralysis of ceivical sym- 

pathetic 

3 When the eye is exposed to 

light 

4 When accommodation occurs 

5 Under the local influence of 

physostigmme 

6 Under the influence of opium 

7 During sleep 

8 In chlorofoim anaesthesia m 

which a dilated pupil is a 
sign of danger 
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entrance of the optic nerve, this image is lost If, for example, we 
close the left eye, and look steadily with the right eye at the dot 
here lepiesented, while the page is held about six inches fiom the 

• * 

eye, both dot and cioss are visible On gradually increasing the 
distance between the page and the eye, still keeping the right eye 
steadily on the dot, it will be found that suddenly the cross dis- 
appears from view, because its image has fallen on the bhnd spot , 
on removing the book still farther, it comes m sight again The 
question has ansen why we aie not normally conscious of a gap m 
the image We can only say that owing to the spot being blind 
fiom birth onwaids we have come to neglect its blindness The 
size of the bhnd spot at a given distance may be used to measure 
the optic disc (see p 827) 

(2) In the fovea centralis which contains the rods and cones, 
but m which the other layers of the retina are thinned down to a 
minimum, light produces the greatest effect In the macula lutea 
cones occur m laige numbers, and m the fovea centialis cones 
without rods are found, wheieas, m the rest of the retina which is 
not so sensitive to light, theie are fewer cones than rods 

(3) If a small lighted candle is moved to and fio at the side of 
and close to one eye m a darkened room., while the eyes look steadily 
f oi ward on to a dull background, a branching figure (Purkmje’s 
figures) is seen floating before the eye, consisting of dark lines on 
a i eddish ground As the candle moves, the figure moves m the 
opposite dnection, and fiom its whole appearance there can be no 
doubt that it is a reversed picture of the retinal vessels pro- 
jected before the eye* This remarkable appearance is due to 
shadows of the retinal vessels cast by the candle, and it is only 
when they are thrown upon the retina m an unusual slanting 
direction that they are peiceived The blanches of these vessels are 
distubuted in the nerve-fibre and ganglionic layers , and smce the 
light of the candle falls on the retinal vessels from m front, the 
shadow is cast behind them, and hence those elements of the retina 
which perceive the shadows must also lie behind the vessels Here, 
then, we have a cleai pi oof that the light-perceiving elements are 
not the mnei, but one of the external layers of the retina, further 
than this, calculation has shown it is the layer of rods and cones 
The data for such a calculation are — the dimensions of the eyeball, 
the distance of the screen from the eye, the angle thiough which the 
candle is moved, and the displacement of the figure seen 

* Purkinje’s figures can be more readily seen by simply looking steadily 
down a microscope, and moving the whole instrument backwards and forwards, or 
from side to side, while so doing 
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The Function of the Rods and Cones— The concentration of the 
cones in the macula immediately behind the centre of the pupil and 
the fact that each cone has a separate neive-fibre indicate that the 
cones are concerned with acuity of vision 

The lods on the othei hand are grouped together and are located 
more in the penpheiy In birds which fly at night the cones are 
absent 

Changes in the Retina during Activity 

The method by which a ray of light is able to stimulate the 
en din gs of the optic nerve m the retina m such a manner that a 
visual sensation is perceived by the cerebrum is not yet understood 
It is supposed that the change effected by the agency of the light 
which falls upon the retina is a physico-chemical alteration m the 
protoplasm, and that this change stimulates the optic nerve-endings 
A certain temporary i eddish-purple pigmentation (visual purple) 
is found in the outer limbs of the retinal rods m certain animals 
(e g frogs) which have been killed m the daik The visual purple 
is bleached when the letma is exposed to light, and reappears 
when the hght is removed, and it also undergoes distinct 
changes of colour when other than white hght is used If the 
operation is performed quickly enough, the bleached image of 
a bright object may be fixed on the retina by soaking the 
retina of an animal which has been killed in the dark, m alum 
solution 

The visual purple is derived m some way from the black 
pigment (melanin or fuscm) of the polygonal epithelium of the 
retma, smce the colour is not renewed after bleaching if the retina 
is detached from its pigment layer 

Certam pigments, not sensitive to light, are contained m the inner 
segments of the cones These are oil globules of various colouis, 
red, gieen, and yellow, and are found m the retinae of marsupials (but 
not other mammals), birds, reptiles, and fishes Nothing is known 
about the yellow pigment of the yellow spot 

In the lower vertebrates another change produced by the action 
of the hght upon the retma is the movement of the pigment 
cells On being stimulated by hght the granules of pigment m the 
cells which oveilie the outer part of the rod and cone layer of the 
retma pass into the processes of the cells, which hang down between 
the rods these melanin or fuscm granules are generally rod-shaped, 
and look almost like crystals A movement of the cones and 
possibly of the rods also occurs, as has been already mentioned ; 
m the hght the cones shorten, and m the dark they lengthen 
(Engelmann) In mammals rapid changes m the size of the pupil 
appear to make this unnecessary 



CH LVIIl] 


RETINAL CHANGES DURING ACTIVITY 


839 


Eed light has no action on visual puiple, the maximum bleach- 
ing effect takes place in greenish-yellow light Now, when the living 
eye is brought into a condition of “dark adaptation,” that is, when 
the retina has become adapted to hght of low intensity, the colours 
of the spectium alter m brightness, the red end becomes shortened 
and much darker , the blue end becomes brighter, and the region of 
maximum brightness is m the green This change of brightness 
with change of adaptation, known as Purkmje’s phenomenon, is 
absent m the fovea, where there are no rods The selective action 
of the colours of the spectrum on the visual purple is so strikingly 
similai to the altered conditions of brightness just described, that 
changes m the visual purple of the rods have been supposed to be 
the cause of sensations excited by feeble illumination (le m the 
“dark-adapted” eye), while the cones are affected under more 
ordinary conditions of illumination This conclusion gains support 
fiom several mteiestmg facts Visual puiple is specially abundant 
m the retinae of almost all animals whose habits are nocturnal, or 
which live underground Further, if the intensity of a colour stimulus 
is gradually increased, it is at first too faint to produce any sensa- 
tion, then it pioduces a sensation of greyness, and at last the colour 
itself is seen, the interval between the appearance of the grey or 
white-black effect and of the true colour effect of the stimulus is 
spoken of as the “ photo-cfa omatic interval ” Eed hght has no effect 
on visual purple, and has no photo-chromatic interval (that is, it 
appears either red or nothing), and accordmg to several observers, 
there is no such interval at the fovea, where the rods, and therefore 
visual purple, are absent Thirdly, a very similar effect has been 
described by M'Dougall, when the retina is momentarily stimulated 
by a coloured hght, the sensation arising from the stimulus is 
followed by a series of “ primary responses ” or after-sensations , the 
first members of the series have the same colour as the stimulus, 
and these are sometimes followed by a series of colourless (grey) 
sensations , these grey sensations aie only present outside the fovea, 
and under conditions of “ dark adaptation ” are absent with red and 
brightest with green stimuli Here again we are able to differentiate 
between a visual-purple (rod) effect, and a cone effect, the former, 
active under conditions of feeble illumination, affected most by green 
and unaffected by red hght, and yielding colourless sensations , the 
latter being more specially concerned in developing sensations of 
colour under conditions of adaptation to ordinary hght The fovea 
centrahs thus becomes the region wheie the colours of objects are 
best distinguishable, and where with oichnary illumination visual 
* acuity is most marked In the daik, however, extra-foveal (rod) 
vision is more sensitive than foveal (cone) vision, astronomers see 
faint stars more readily in the periphery of the field of vision 
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Two abnormal conditions may be described here, for they throw light on these 
phenomena In cases of achromatopsia (total colour blindness) the spectrum is seen 
as a band of light differing only m brightness , the region of maximum brightness 
is the same as m extra-foveal vision of the normal eye , m many of these cases there 
is a central scotoma (blind spot), that is, the rodless fovea is blind , there is reduced 
acuity of vision as in the “ dark-adapted ” eye We are thus m typical cases of 
achromatopsia dealing with cases of cone blindness In nyctalopia (night blind- 
ness), on the other hand, we meet the converse condition Here there is an 
abnormal slowness of “dark adaptation,” and a pathological change known as 
retinitis pigmentosa is present, suggesting an impaired function of the visual purple 
Pilocarpine has been found an effective drug in such cases, and this is also interest- 
ing because it hastens the regeneration of visual purple in the extirpated eye 

The electrical variations m the retina under the influence of light were dis- 
covered by Holmgren (1866), and since then have been investigated by M‘Kendrick 
and Dewar, Einthoven, Waller, and others The excised eyeball of a frog is led off 
by non-polansable electrodes to a galvanometer One electrode is placed on the 
front, the other on the back of the eye If the eyeball is quite fresh, a current is 
observed passing through the eyeball from back to front When light falls on the 
eye this current is increased , on shutting off the light there is a momentary further 
increase, and then the current slowly returns back to its previous condition Waller 
explains this by supposing that anabolic changes m the eye predominate during 
stimulation by light With the onset of darkness, the katabolic changes cease at 
once, and the anabolic more slowly , hence a further positive variation 

More recently the currents of action in the optic nerve of the eel (which is a 
conveniently long nerve) have been investigated by Adrian, who has found that 
the general laws applying to general sensation are applicable to the currents of 
action set up m the eye The general law of Weber has been shown to apply, and 
adaptation occurs as m the nerve-endings concerned m pam 

The limits of visibility are 3800 A U in the violet and 8000 A U in the 
red 


Duration of Visual Sensations — The duration of the se nsa tion 
produced bj a luminous impression on the retina is always greatei 
than that of the impression which produces it However brief the 
luminous impression, the effect on the retina always lasts for about 
one-eighth of a second Thus, supposing an object m motion, say a 
horse, to be revealed on a dark night by a flash of lightning The 
object would be seen apparently for an eighth of a second, but it 
would not appear m motion, because, although the image remained 
on the retina for this time, it was really revealed for such an 
extremely short period (a flash of lightning lasting only a milli onth 
of a second) that no appreciable movement on the part of the object 
could have taken place in. the period during which it was revealed to 
the retina of the observer The same fact is proved m a reverse way 
The spokes of a rapidly revolving wheel are not seen as distinct objects 
because at every point of the field of vision over which the revolving 
spokes pass, a given impression has not faded before another replaces 
it Thus every part of the interior of the wheel appears occupied 


The stimuli which excite the retina are exceedingly slight, for instance the 
mmunum stimulus m the form of green hght is equal in terms of work to that which 
is done in raising a ten-miUionth part of a milligramme to the height ofamiUimetre * 

tterr et ? fthl V S d0U £ UeSS wasted 111 Reform of heat S The time during 
which the stimulus acts may be excessively small , thus hght from a rapidly rotatinf 
mirror is visible even when it only falls upon the retina for one eight-millionth part 
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of a second Some physiologists have drawn an analogy between retinal and 
muscular excitations There is no complete analogy, but the following points of 
resemblance may be noted — 

1 The retina, like the muscle, possesses a store of potential energy, which the 
stimulus serves to fire off 

2 Fatigue on action, and recoveiy after rest are noticeable in both 

3 The curve of retinal excitation, like the muscle curve* rises not abruptly but 
gradually to its full height, and on the cessation of the stimulus takes a measuiable 
time to fall again, the retinal impression outlasting the stimulus by about one-eighth 
of a second 

4 With comparatively slow intermittent excitation, the phenomenon known as 
flicker takes place , this may be shown by the slow rotation on Maxwell’s machine 
of a disc painted with alternate black and white 
sectors This roughly corresponds with what m 
a muscle is called incomplete tetanus 

5 When the rate of stimulation is increased, 
as by increasing the speed of rotation of the disc 
just alluded to (say to twenty or thirty times a 
second) the resulting sensation is a smooth one 
of greyness This fusion of individual stimuli 
into a continuous sensation does not by any 
means correspond to the complete tetanus of 
muscle, for the resultant sensation has a bright- 
ness coriesponding not to a summation of the 
individual fusing sensations, but to a brightness 
which would ensue if the stimuli were spread 
evenly over the surface of the disc (Talbot’s 
Law ) 

The Ophthalmoscope 

Every one is peifectly familiar with 
the fact, that it is quite impossible to 
see the fundus or back of another 
person's eye by simply looking into it 
The mtenor of the eye forms a perfectly 
black background* The same remark 
applies to the difficulty we experience 
m seeing into a room from the street 
through the window unless the room 
IS lighted Within In the eye this Eig 3S7 —The ophthalmoscope The 

fact is partly due to the feebleness of Sger for^nd^ectrmum^LtJon^ 5 the 
the light reflected from the retina, most 

of it being absorbed by the retinal pigment , but fai more to the fact 
that every such ray is reflected straight to the source of light (< e q 
candle), and cannot, therefoie, be seen by the unaided eye without 
intercepting the incident light from the candle as well as the 

* In some animals ( e g the cat), the pigment is absent from a portion of the 
retinal epithelium , this forms the Tapetum lucidum The use of this is supposed to 
be to increase the sensitiveness of the retina, the light being reflected back through 
the layer of rods and cones It is probably the case that these animals are able 
to see clearly with less light than we can, hence the popular idea that a cat can see 
m the dark In fishes a tapetum lucidum is often present , here the brightness 
is increased by crystals of guanine 
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reflected rays from the retina Tins difficulty is surmounted by the 
use of the ophthalmoscope 

The ophthalmoscope was invented by Wharton Jones, forgotten, 
then reinvented by Helmholtz, as a mirror for leflectmg the light 
into the eye, he employed a bundle of thin glass plates , this mirror 
was tiansparent, and so he was able to look through it m the same 
direction as that of the rays of the light it reflected 

In its most modern form a concave minor is mounted on a 
handle, and is perforated m the centre by a small hole through 
which the observer can look while the light is supplied from a small 
electnc bulb m the handle of the instrument 

The methods of examining the eye with this instrument are — the direct and the 
indirect both methods of investigation should be employed A drop of a solution 
of atropine (two grains to the ounce) or of homatropme hydrobromide, should be 
instilled about twenty minutes before the examination is commenced , the ciliary 
muscle is thereby paralysed, the power of accommodation is abolished, and the 
pupil is dilated This will materially facilitate the examination , but it is quite 
possible to observe all the details to be presently described without the use of 
such drugs The room being now darkened, the observer seats himself m fiont 
of the person whose eye he is about to examine, placmg himself upon a some- 
what higher level Let us suppose that the right eye of the patient is being 
examined If the instrument is not supplied with an electric light, a brilliant and 
steady light is placed close to the left ear of the patient 

Direct method — Taking the small mirror in his right hand, and looking 
through the central hole, the operator directs a beam of light into the eye of the 
patient A red glare is seen, due to the illumination of the retina The patient is 
then told to look at the litHe finger of the observer’s right hand as he holds the 
mirror, to effect this the eye is rotated somewhat inwards, and at the same time the 
reflex changes from red to a lighter colofir, owing to the reflection from the optic disc 
The observer now approximates the mirror, with his eye to the eye of the patient , 
taking care to keep the light fixed upon the pupil so as not to lose the reflex At 
a certain point, which varies with different eyes, but is usually reached when tlieie 
is an interval of about two or three inches between the observed and the observing 
eye, the vessels of the retina become visible Examine carefully the fundus of the 
eye, i e , the red surface— until the optic disc is seen , trace its circular outline, and 
observe the small central white spot, the porus opticus, or physiological pit near 
the centre is the central artery of the retina breaking up upon the disc into 
branches, veins also are present, and correspond roughly to the course of the 
arteries Trace the vessels over the disc on to the retina Somewhat to the outer 
side, and only visible after some practice, is the macula or yellow spot , which 
appears red with the ophthalmoscope, with the smaller lighter-coloured fovea centralis 
m its centre This constitutes the direct method of examination , by it the various 
details of the fundus are seen as they really exist, and it is tins method which 
should be adopted for ordinary use (fig 339) 

If the observer is myopic or hypermetropic, he will be unable to employ the 
direct method of examination until he has remedied his defective vision by the use 
of proper glasses 

In the indirect method the patient is placed as before, and the operator holds 
the large mirror m his right hand at a distance of twelve to eighteen inches from the 
patient’s right eye At the same time he rests his left little finger lightly upon the 
patient’s right temple, and holding a convex lens between his thumb and forefinger, 
two or three inches m front of the patient’s eve, directs the light through the lens 
into the eye The red reflex, and subsequently the white one, having been gamed, 
the operator slowly moves his mirror, and with it his eye, towards or away from the 
face of the patient, until the outline of one of the retmal vessels becomes visible, 
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when very slight movements on the part of the operator will suffice to bring into 
view the details of the fundus above descubed , more of the retina is seen at a time, 
but the image will be much smaller and inverted The appearances seen are 
depicted in ng 33S The lens should be kept fixed at a distance of two or three 
inches, the mirror alone being moved until the disc becomes visible should the 
image of the mirror, however, obscure the disc, the lens may be slightly tilted 
Figures 339 and 340 show diagrammatically the course of the rays of light 


E' 


Fia ^0 —The course of tho light m examining the eye by the direct method (T G Brodie ) 

Fig 339 represents what occuis when employing the direct method S is the 
source of light, and M M the concave mirror with its central aperture, which reflects 
the rays , these are focussed by the eye E, which is being examined, to a point 
in the vitreous humour, and this produces a diffuse lighting of the interior or the 
eyeball Rays of light issuing from the point p emerge from the eye parallel to 
one another, and enter the obseiver’s eye E 1 , they are brought to a focus p 1 on the 
retina as the eye is accommodated foi distant vision Similarly the point m and n 
will give rise to images at m 1 and w 1 respectively 

Fig 340 represents what occurs m examining the eye by the indirect method 



I*io S10 —Tin course of the light m examining the eye by the indirect method (T G Brodie ) 


S is the source of light, M M the mirror, E the observed, and E 1 the observing 
eye as befoie Ihe lays of light aie reflected fiom the mnror and form an image 
at o 1 , they then diverge and are again made convergent by the lens L held in front 
of the eye by the observer , by this means a second image is focussed just behind 
the crystalline lens of the eye E They then again diveige and diffusely light up 
the interior of the eyeball The lays of light reflected from two points % and m on* 
the retma diveigmg from the eye are refracted by the glass lens L, and give an 
inverted real image m 1 larger than the object % m These latter rays then diverge,' 
and are collected and focussed by the observing eye E 1 to give an image t 2 m 2 on 
the retina 
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The Perimeter. 

This is an mstiument for mapping out the field of vision It 
consists of a graduated arc, winch can be moved mto any position, 
and which when rotated tiaces out a hollow hemisphere In the 
centre of this the eye under examination is placed, the other eye 
being closed The examiner then detei mines on the suiface of the 
hemisphere those pomts at which the patient just ceases or just 
begins to see a small object moved along the arc of the circle These 
pomts are plotted out on a chart graduated m degrees, and by con- 
necting them the outline of the field of vision is obtained 



Fig 341 —Priestley Smith’s perimeter 


Tig 341 shows one of the forms of perimeter very generally 
employed, and fig 342 lepresents one of the charts provided with the 
instrument The dark line represents the normal average field of 
vision for the right eye and the blind spot may be mapped out It 
will be seen that the field of vision is most extensive on the outer 
side, it is less on the inner side because of the presence of 
the nose Considerable personal variation occurs 

By the use of the same instrument, it is found that the colour 
of a coloured object is not distinguishable at the margin, but only 
towards the centre of the field of vision, but there are differences 
for different colours, thus a blue or yellow object is seen to be 
blue or yellow over a wider field than a red or green object 

In disease of the optic nerve, contraction of the field of vision 
for white and coloured objects is found This often occurs before 
any change in the optic nerve is discoverable by the ophthalmoscope 
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The yellow spot of one’s own eye can be rendered evident by 
what is called Clerk-Maxwell’s experiment — On looking through a 
solution of chrome-alum in a bottle with parallel sides, an oval 
purplish spot is seen m the green colour of the alum This is due 
to the pigment of the yellow spot 


o 



180 


Pig 842 — Perimetor cliarb showing average fields of vision foi white and three colours The outer 
limit ol the colours is shown, but they all overlap towards the centre The dark area is caused 
by the nose, etc 


Visual Sensations. 

Visual sensations are of two kinds, colour sensations and colour- 
less sensations Colour sensations differ (1) m hue, for instance, blue, 
red, yellow , (2) m saturation, for instance, pale green and full green , 
this depends upon the degree of admixture with white light , and (3) 
m intensity, for instance, a weak sensation or a strong sensation 
These differences are m part dependent respectively on the length, 
the purity, and the amplitude of the light- wave , but they are also 
dependent on the local or general condition of the cerebro-retmal 
apparatus at the time of stimulation Colours also differ (4) m 
brightness or luminosity , this is a purely psychological quality 
devoid of any known physical counterpart The brightness of a 
colour may be measured by determining the shade of grey to which 
it appears equivalent Even the most saturated colours (foi 
instance, yellow and blue) have different degrees of brightness 
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Colourless sensations include the grey series from the deepest 
black to the most blinding white 

If a ray of sunlight is allowed to pass through a prism, it is 
decomposed by its passage into rays of different colours, which are 
called the colours of the spectrum, they are led, orange, yellow, 
green, blue, indigo, and violet The red rays are the least turned out 
of their course by the prism, and the violet the most, whilst the other 
colours occupy m order places between these two extremes The 
differences in the colour of the rays depend upon the rapidity of 
vibrations producing each, the reel rays bemg the least rapid 
and the violet the most In addition to these, there are other rays 
which are invisible but which have definite properties , those to the 
left of the red are less refrangible, being the calorific rays which act 
upon the thermometer, and those to the right of the violet, which are 
called the actinic or ultra-violet rays, have a powerful chemical action 

White light may be built from its constituents m several ways, 
for instance, by a second prism 1 ever sing the dispersion produced by 
the first, or by causing the colours of the spectrum to fall on the 
retina m rapid succession The best way to study the effects of 
compounding successive colour stimuli is by means of a rapidly 
revolving disc to which two or more coloured sectors are fixed 
Each colour is viewed in rapid succession, but owing to the per- 
sistence of retinal impressions, the constituent colour stimuli give a 
single sensation of colour 

A colourless sensation can be pioduCed by the mixture of thiee 
colours, or even of two colours in certain hues and proportions 
These pairs of colours, of which led and greenish-blue, orange and 
blue, and violet and yellow are examples, are called < n n 

Thus blue and orange, when rotated on the colour-wheel, produce a colourless 
sensation , but it is well known that a mixture of blue and orange paint gives green 
This is explamed on the supposition that the colours used are not pure and that 
each contains green , the true blue and orange present neutralise each other to 
produce white, and thus green is the only colour sensation obtained 


Colour Vision 

Thiee properly chosen colours will not only produce a colourless 
sensation, but when combined m appropriate amounts they can be 
made to yield any other colour sensation It is on this principle 
that Thomas Young based his trichromatic theory of colour vision, 
which was subsequently elaborated by Helmholtz and Clerk-Maxwell 
It is known as the Young-Helmholtz theory. The theory selects red, 
green, and violet as the three primary colour-sensations These were 
chosen, partly because of their position within the spectrum, partly on 
account of the phenomena of colour-blindness, and for other reasons 
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The Young-Helmholtz theory teaches that there are m the retina 
eeitam elements ( ? within the cones) which answer to each of these 
primary colours, whereas the innumerable intermediate shades of 
colour are produced by stimulation of the three primary colour 
terminals m different degrees, the sensation of white being produced 
when the three elements are equally excited Thus, if the retina is 
stimulated by rays of certain wave-length at the red end of the spec- 
trum, the terminals of the other colours, green and violet, are hardly 
stimulated at all, but the red terminals are strongly stimulated, 
and the resulting sensation is red The orange rays excite the red 
teiminals considerably, the green rather more, and the violet slightly, 
the resulting sensation being that of orange, and so on (fig 343) 
Anothei theory of colour vision (Hermg’s) supposes that there are 
six pnmary coloui -sensations, viz thiee antagonistic (complemen- 



Fio 848 —Diagram of the three primary colour sensations (Young Helmholtz 
theory ) 1 is the red , 2, green, and 8, violet primary colour sensation 
The lettering indicates the colours of the spectrum The diagram 
indicates by the height of the curve to what extent the several primary 
sensations of colour are excited by vibrations of different wave lengths 


iary) pans, black and white, red and green, and yellow and blue, 
and that these are produced by the changes either of disintegration 
or of assimilation taking place m certain substances, which (the 
theory supposes) exist m the cerebro-retmal apparatus Each 
of the substances corresponding to a pair of colours is capable of 
undergoing two changes, one of disintegration, and the other of 
construction, with the result of producing one or other colour 
Eor instance, m the white-black substance, when disintegration is m 
excess of construction or assimilation, the sensation is white, and 
when assimilation is m excess of disintegration the reverse is the 
case, and similarly with the red-green substance, and with the 
yellow-blue substance When the repair and disintegration are 
equal with the first substance, the visual sensation is grey , but m 
the other pairs, when this is the case, no colour-sensation occurs 
The rays of the spectrum to the red end produce changes m the 
red-green substance, with a resulting sensation of red, whilst the 
(orange) rays further to the light affect both the red-green and the 
yellow-blue substances , blue rays cause constructive changes m the 
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yellow-blue substance, but none m the red-green, and so on All 
colours act on the white-black substance as well as on the red-green 
or yellow-blue substance 

Neither theory satisfactorily accounts for all the numerous com- 
plicated problems presented in the physiology of colour vision One 
of these problems is colour-Mmdness , a by no means uncommon visual 
defect Some people are completely colour-blind (see also p 849), 
but the commonest form is the mability to distinguish between red 
and green Helmholtz’s explanation of such a condition is, that the 
elements of the retina which receive the impression of red or green 
are absent, or very imperfectly developed, and Hering’s would be that 
the red-gieen substance is absent from the cerebro-retmal apparatus 

Hermg’s theory appears to meet the difficulty best, for if the red 
element of Helmholtz were absent, the patient ought not to be able 
to perceive white sensations, of which red is a constituent part, 
whereas, according to Hermg’s theory, the white-black visual sub- 
stance remams mtaet It has, however, been recognised that many 
facts cannot be reconciled with either theory , and modifications of 
one or the other have been introduced from time to time 


C J Burch found that by exposing the eye to bright sunlight m the focus of 
a burning-glass behind transparent coloured screens, it is possible to produce 
temporary colour-blindness After red light, the observer is for some minutes red- 
blind, scarlet geraniums look black, yellow flowers green, and purple flowers violet 
After violet light, violet looks black, purple flowers crimson, and green foliage 
richer than usual After hght of other colours, corresponding effects are produced 
If one eye is made purple-blind, and the other green-blind, all objects are seen in 
their natural colours, but in exaggerated perspective, due to the difficulty the brain 
experiences in combining the images from the two eyes 

By using a bnghtly-illuminated spectrum, and directing the eye to certain of its 
colours, the eye m time becomes fatigued and blind for that colour, so that it is no 
longer seen in the spectrum Thus, after green blindness is induced the red 
appears to meet the blue, and no green is seen. If, however, the eye is exposed to 
yellow hght, it does not similarly become blind for yellow only, but for red and 
green too This supports the Young-Helmholtz theory, that the sensation yellow 
is one compounded of the red and green sensations By an exhaustive examination 
different p a rts of the spectrum, in this way it thus becomes possible to 
differentiate between the primary colour sensations and those which are compound 
By a study of this kmd, Burch concluded that the phenomena of colour vision are 
m accordance with the Young-Helmholtz theory, with the important addition that 
there is a fourth primary colour sensation, namely, blue He could not discover 
mat colour sensations are related to each other in the sense indicated by Hering 
Each may be exhausted without either weakening or strengthening the others 
these observations were confirmed by examining m a similar way the colour 
sensations of seventy other people, but there are individual differences m the 
extent to which the colour sensations overlap 

Edridge-Green aims at describing facts, rather than theories Normal people 
are hexachromic, % e , they can name six colours (and eighteen shades) in file 
spectrum a few people are more expert and can see a seventh colour— indigo 
between blue and violet, and can distinguish more shades Colour-blind people 
may be (a) those who can see the whole spectrum and cannot distmguSh its 
colours some can see only two colours m it, (6) those who cannot see either the 
red or the violet end, but can nevertheless discriminate the colours m the parts 
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that are visible, and ( c ) those who combine both defects There may be all 
grades of these defects The colour-blind person is usually a dichromic and can 
distinguish only the two ends of the spectrum as different colours , if this is com- 
bined with a shortening of the red end, the defect is more pronounced and more 
dangerous, others are tnchromic and can distinguish red, green, and violet, 
between this and the normal there may also be tetra- and pentachromic people 


Tests for Colour-Blindness — The test formerly adopted by the 
Board of Trade consisted m matching skeins of wool from a heap of 
skeins of different colours (Holmgren’s worsteds) It has, however, 
been shown that the test is not trustworthy, and it has been supple- 
mented by one m which the subject is required to name the colours of 
lights m the Edridge- Green lantern , m it the intensity and colour of the 
light and the order m which the colours are shown can be easily varied 

A Japanese method is coming more into use This consists of 
a numbei of cards covered with dots of various shades, amongst which 
are numbers m shaded dots which are evident to the normal but 
not to the colour-blind person 

After-Images — These are the after-effects of retinal excitation, 
and are divided into positive and negative Positive after-images 
resemble the original image m distribution of brightness and 
coloui In negative after-images bright parts appeal dark, dark 
paits blight, and coloured parts m the complementary colours 

If a blight white object is looked at, and the eyelids are then 
closed, a positive after-image is seen which fades gradually, but as it 
fades it passes through blue, violet, or red to orange , according to 
the Young-Helmholtz theory, this is explained on the hypothesis 
that the excitation does not decline with equal rapidity m the three 
colour terminals A positive after-image is readily obtained by 
momentarily looking at a bright object, eg a window, after waking 
from sleep Negative after-images may be seen either by closing 
the eyes or by turning them to a uniform grey surface after viewing 
an object steadily If the object looked at is coloured, the negative 
after-image seen upon such a background is m its complementary 
colour, this is explained by the Young-Helmholtz theory, on the 
supposition that the colour-perceiving element for the colour looked 
at is the most fatigued, and the terminals for its complementary 
colour least fatigued On the Hermg theory, one colour produces 
anabolic or katabolic effects as the case may be , on withdrawing the 
eye fxom stimulation by that particular colour, the opposite phase of 
metabolism takes place and produces the complementary colour 

Simultaneous and Successive Contrast — Negative after-images are 
fiequently spoken of as phenomena of successive contrast The 
phenomena of simultaneous contrast are well illustrated by the 
four figures of the accompanying Plate In all these figures the 
oblong grey stnp is actually of the same brightness This can easily 
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be proved by screening from view the surrounding parts of the 
figures, which cause the greys to appear different The grey m I 
appears darker than that in II, while the grey m III appears 
yellowish, and in IY reddish If these effects are not sufficiently 
obvious, they immediately become so when the entire surface is 
covered over with a sheet of thin tissue paper 

Figs I and II are examples of brightness contrast , Figs III 
and IY of colour contrast The effects of these two varieties of 
simultaneous contrast may be stated thus a given grey object looks 
darker when viewed against a bright background than when viewed 
against a dark background, when the background is coloured, it is 
tinged with the complementary colour of the former 

Helmholtz attributed the effects of simultaneous conti ast to 
errors of judgment, and not to altered conditions of the retinal 
apparatus * But there can be no doubt that simultaneous contrast 
has as simple a sensory origin as successive contrast (negative after- 
images) For if either of the two lower figures of the Plate is care- 
fully fixated for about a minute (fixation of the central dot will 
help to prevent involuntary movements of the eyes), and if the 
gaze is then transferred to a spot on a sheet of white or grey paper, 
not only will the outer squares appear in their complementary 
colour, but also the grey strips will appear tinged, now likewise m a 
complementary colour So, too, if a point midway between Figs I 
and II is fixated, and the Plate held at a sufficient distance for 
both figures to be simultaneously visible, the after-image of the grey 
strip of II will appear darker than that of I 

Seeing that simultaneous contrast persists m after-images, and 
seemg how generally recognised are its effects (for instance, by the 
painter, who depicts in blue the shadows cast by an object on the yellow 
sand), it seems far more probable that the part played by the higher 
mental processes consists, not, as Helmholtz supposed, in causing the 
illusion, but m reducing or overcoming it According to this view, 
experience educates us to see objects in what we know to be their 
real colour, mstead of in the colour which would result from the 
operation of simultaneous contrast Some support is lent to this 
view by the fact that contrast is much enhanced when all irregu- 
larities are, as far as possible, eliminated from the surface of the 
object (here, the grey oblong) m which the contrast colour is 
induced, or when that object is made to appear, e g by covering the 
whole with tissue paper, to combine with the object (the coloured 
square) which induces the contrast colour, so as to form an apparently 
single object On the other hand, colour contrast is very markedly 

By “retina here and elsewhere we mean “ cerebro-retinal apparatus ” We 
have no knowledge of the precise share of retina and brain m the development of 
visual sensations and after-sensations 
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reduced, if the giey object is outlined m pencil on the tissue paper 
through which it is viewed Thus, whatever tends to the apparent 
independence of the object m which the contrasting colour is induced 
tends to the i eduction of the contrast effect 

Insisting on the sensory nature of simultaneous contrast, Henng 
explained it m the following way He supposed that excitation 
of an area of the retina by a stimulus of given colour or brightness 
simultaneously induces an opposite metabolic process m the same 
coloui apparatus m neighbouring areas of the retina When, for 
example, a pait of the retina is being stimulated by blue, the 
anabolic change thus evoked m the yellow-blue apparatus simultane- 
ously is supposed to induce a katabohc change m the same apparatus 
in the neighbouring retinal area which is being excited by a grey 
stimulus Consequently, the grey acquires a yellowish tinge 

Bmomlar Colour-rmxtw e — By means of the stereoscope, binocular 
combinations of coloui can be obtained Thus, if one eye is exposed 
to a led disc, and the corresponding portion of the other eye to a 
yellow one, the mind usually peiceives one disc of an orange tint, 
but frequently, especially if there be differences of brightness or of 
foun m the two objects, we notice that “rivalry of the fields of 
vision ” occuis, fust one then the other disc rising into consciousness 
A stereoscopic combination of black and white produces the appear- 
ance of metallic lustre , this is very beautifully shown with figures of 
crystals, one black on a white ground, the other white on a black 
ground The combination of black and white is interpreted as 
indicating a polished surface, because a polished surface reflects 
lays lrregulaily, so that the two eyes receive stimuh of unequal 
intensity 


Nervous Paths connected with Vision 

The corxespondence of the two retinae and of the movements of 
the eyeballs is produced by a close connection of the nervous centres 
controlling these phenomena, and by the arrangement of the nerve- 
fibies m the optic nerves The crossing of the nerve-fibres at the 
optic clnasma is incomplete, and the next diagram (fig 344) gives 
a simple idea of the way the fibres go 

It will be seen that it is only the fibres from the inner portions 
of the ictime that cross, and that those represented by shaded 
paths tiom the right side of the two retinae ultimately reach the right 
hemisphere, and those lepresented by interrupted lines from the left 
side of the two retinae ultimately reach the occipital coitex left 
hemisphere The two halves of the retinae are not, however, 
separated by a hard-and-fast line from one another , the two halves 
slightly ovoilap, which means, the central region of each retina is 
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represented in each hemisphere It has been found that the macula 
is represented by a relatively large area on the cortex 

The part of the hemisphere concerned m vision is the occipital 
lobe, and the reader should turn back to our previous consideration 
of this subject in connection with cerebral localisation, the pheno- 
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Pig 344 —Diagram to show the paths of the nervous impulses concerned in sight, also thoso 
connected with the innervation of the pupil (From McDowall s Clinical Physiology ) 


mena of hemianopsia and the conjugate deviation of head and 
eyes 

Fig 344, though diagrammatic, will assist the reader m more 
fully comprehending the paths of visual impulses, and the central 
connections of the nerves and nerve-centres concerned in the process 
The fibres from the retina to the external geniculate body end there 
by arborising round its cells, and a fresh relay of fibres from these 
cells passes m the posterior part of the internal capsule to the 
cortex of the occipital lobe Those to the anterior corpus quadri- 
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gemimim are continued on by a fresh lelay to the nuclei of the 
nerves concerned m eye-movements (represented by the oculo-motor 
nucleus m the diagram) , the axons of the cortical cells pass to the 
tegmentum, whence a fresh relay continues the impulse to the oculo- 
motor nucleus 

Sherrington’s observations on binocular flicker have shown that there are 
difficulties in accepting fig 344 as a complete anatomical basis for the psychological 
processes involved m binocular vision, although it is probably correct so far as the 
motor mechanisms involved are concerned 


The Reflexes of the Eye 

The reflexes m the region of the eye are not only of physiological 
intei est, but not infrequently of valuable diagnostic significance 
The Conjunctival Reflex — This reflex is designed to protect the 
cornea from mjuiy, and has for its afferent path the fifth nerve and 
its endings m the conjunctiva When this path is stimulated the 
impulse passes backwards to the Gasserian ganglion, and thence 
via the pons to the oculo-motor nerve, which brings about closure 
of the eyelid If the stimulation is sufficiently severe, the nucleus 
of the seventh nerve is also stimulated, producing constriction of 
the orbicularis palpebrarum 

Reflex closuie also occuis if a blow is seen coming towards the 
eye, but m this instance the path must depend on association fibres 
between the optic tract with which the optic neive is continuous and 
the nuclei of the third and seventh nerves 

The Light Reflex — By the light reflex the retina is protected 
from an excessive or dangerous amount of light It is a true reflex, 
the afferent path being the optic nerve and tract to the corpora 
quadrigomma and thence by Meynert’s fibres to the nucleus of the 
third nerve (see fig 344) It seems likely from the action of atropine, 
that the fibres of the third neive which supply the iris sphincter 
are really parasympathetic m nature, although they have their 
origin m close association with the nucleus of the third nerve in 
the flooi of the aqueduct of Sylvius Atropine is known to paralyse 
all the parasympathetic nerve-endings 

It is important to lemember the bilateral nature of the stimulus 
in any attempt to elicit the reflex The stimulus for each pupil 
arises from half the retina of both sides To obtain the reaction, 
both eyes must be shaded and one suddenly uncovered, when, if the 
patient has been asked to look towards the light, the pupil is seen 
to contract 

In tabes, and general paralysis, the absence of the light reflex 
with the retention of the reaction to accommodation — the so-called 
Argyll-Iiobertson pupil — is often obtained It will be seen from 
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fig 344 that such a condition can be brought about by degeneration 
of Meynert’s fibres which cuts off the efferent from the afferent 
neurone m the light reflex It is clear from the figure that it is 
necessary to keep the eye not under investigation covered, for the 
third nerve nucleus may be influenced by impulses reaching it from 
both eyes 

The Reaction to Accommodation , although strictly speaking not 
a reflex, is commonly investigated with the reflexes of the eye 
It is really a motoi movement associated with convergence, and 
designed to cut off those parts of the field of vision less accurately 
focussed More detailed images are produced by focussing on the 
macula which is straight belnnd the centre of the pupil As the 
mechanism of accommodation is so closely related to that of 
refraction, it has been considered in relation to “Vision” 

Visual Judgments. 

The psychical or mental processes which constitute the visual 
sensation proper have been studied to a far greater degree than is 
possible in connection with other forms of sensation 

We have already seen that in spite of the m version of the image m 
the retina, the mind sees objects m their proper position (see p 826) 
We are also not conscious of the blind spot This is partly due to 
the fact that those images which fall on the blind spot of one eye are 
not focussed there m the other eye But even when one looks at objects 
with one eye, there is no blank, for the reason explamed on p 837 
Our estimate of the size of various objects is based partly on the 
visual angle (p 825) which they subtend, but much more on the 
estimate we form of their distance Thus a lofty mountain many 
miles off may be seen under the same visual angle as a small hill 
near at hand, but we infer that the former is much the larger 
object because we know it is much farther off than the hill Our 
estimate of distance is, however, often erroneous, and consequently 
the estimate of size also Thus persons seen walking on the top of 
a small hill against a clear twilight sky appear unusually large, 
because we overestimate their distance, and for similar reasons 
most objects m a fog appear immensely magnified 

The action of the sense of vision in relation to external objects 
is, therefore, quite different from that of the sense of touch The 
objects of the latter sense are immediately present to it, and 
our own body, with which they come in contact, is the measure of 
their size The part of a table touched by the hand appears as large 
as the part of the hand receiving an impression from it, for the part 
of our body in which a sensation is excited, is here the measure by 
which we judge of the magnitude of the object In the sense of 
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vision, on tlie contrary, the images of objects are mere fractions of 
the objects themselves, realised upon the retina, the extent of which 
remains constantly the same But the mind, into which the 
sensations of vision aie incorporated, invests the images of objects, 
together with the whole field of vision m the retma, with very 
varying dimensions , the relative size of the image m proportion to 
the whole field of vision, or of the affected parts of the retina to the 
whole retina, alone lemains unaltered 

The estimation of the form of bodies by sight is the result partly 
of the mere sensation, and partly of the association of ideas Smce 
the form of the images perceived by the retina depends wholly on 
the outline of the part of the retina affected, the sensation alone is 
adequate to the distinction of superficial forms from each other, as of 
a square from a circle But the idea of a solid body such as a 
sphere, or a cube, can only be attained by the action of the mind 
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Fiu 345 —Diagrams to illustrate liow a judgment of a figure of three dimensions 13 obtained 

constructing it horn the different superficial images seen m different 
positions of the eye with regard to the object, and, as shown by 
Wheatstone and illustrated m the stereoscope, from two different 
perspective piojections of the object being presented simultaneously 
to the mind by the two eyes 

Thus, if a cube is held at a modeiate distance before the eyes, 
and viewed with each eye successively while the head is kept 
perfectly steady, A (fig 345) will be the picture presented to the 
imht eye, and B that seen by the left eye Wheatstone has shown 
that on this cncumstance depends m a great measure our conviction 
of tho solidity of an object, 01 of its projection m relief If different 
perspective drawings of a solid body, one representing the image 
seen by tho right eye, the other that seen by the left (for example, 
the diawmgs of a cube, A, B, fig 345), are presented to corresponding 
parts of the two retime, as may he readily done by means of the 
stereoscope, the mmd will peiceive not merely a single representa- 
tion of the object, but a body projecting in relief, the exact counter- 
part of that horn which the drawings were made 

By transposing two stereoscopic pictures a reverse effect is pro- 
duced, the elevated parts appeal to be depressed, and vice versa 
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An instrument contnved with this purpose is termed a pseudoscope 
Viewed with this instrument a hust appears as a hollow mask, and 
as may readily be imagined the effect is most bewildering 

ABC 



Fig 846 —Diagrams to illustrate visual illusions 


The clearness with which the details of an object aie perceived 
irrespective of accommodation, would appear to depend laigely on 
the number of rods and cones which its retinal image covers Hence 
the nearer an object is to the eye (within moderate limits) the more 
clearly are all its details seen Further, if we want carefully to 



Fig 847 — -Zollner's lines 


examine any object, we always dueet the eyes straight to it, so 
that its image shall fall on the two maculse, where an image of a 
given area will cover a larger number of cones than anywhere else 
in the retina Moreover, as previously pointed out, each cone m the 
macula lutea is connected to a separate chain of neurones 
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The liiipoitanco of binocular vision is very great If an object is 
looked at with one eye only, it is impossible to estimate its distance 
by the sense of vision alone For instance, if one eye is closed and 
the othei looks at a wire or bar, it is impossible to tell whether, if 
someone diops a small object, it falls m fiont of or behind the bar 
Visual judgments aie not always correct, there is a large 
numbei of puzzles and toys which depend on visual illusions One 
or two of the best known are represented in the accompanying 
diagianis 

In fig 846, a, B, and c are of the same size , but a looks taller 
than B, while 0 appears to cover a less area than either The sub- 
division of a space or line increases its apparent size or length 
In fig 846 r>, ab is equal to be Vertical distances also are usually 
ovei estimated In fig 347 the long lines are parallel, though 
they do not appeal so, owing to the influence of the intercrossing 
lines 
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CHAPTEE LIX 


THE ENDOCRINE ORGANS 

These oigans, which occur m vanous legions of the body, have 
received the name endocrine because they foim what is known as an 
mte 1 ) nal secretion The function of a gland which has a duct is a 
comparatively simple pioblem, foi the secretion can be collected 
from the duct and its composition and pioperties can then be 
investigated But an internal secretion leaves the organ where it is 
formed by the venous blood or lymph issuing fiom the oigan, hence 
its composition is difficult to determine, for it is mixed with and 
masked by the blood or lymph into which it is poured In 
many cases, howevei, it has been found possible to extract from 
the gland the substances manufactured by its cells and to investi- 
gate then activities 

Theie are some glands which possess ducts, and which form both 
internal and external secretions 

The pancreas is an example of a gland foiming two secretions , 
the external secretion is the pancreatic juice, which like the bile 
is concerned with digestive processes m the intestine Scattered 
through the panel eas are little collections of cells from winch no 
duct leaves , these islets of Langerhans form the internal secretion 
which leaves the pancreas by its venous blood, and is concerned m 
caibohydrate metabolism 

The teim usually employed for the specific product of an 
endocrine organ is hormone (stimulating agent) This word was 
coined by Bayliss and Starling when they discovered that the forma- 
tion of pancreatic juice is stimulated by a chemical substance 
(secretin) which is foimed m the intestine Sir E Sharpey Schafer 
has pointed out that the woid hormone is unsuitable for all chemical 
messengers, for there are some which inhibit and do not stimulate , 
he suggests the word autacoid as a geneial term, it means self- 
pioduced drug, and includes those which stimulate (hormones) and 
those which inhibit ( chalones ) The chalones are the less numerous 
The complex mechanism of the body is regulated and controlled not 
only by the nervous system but also by these chemical messengers, 
and each of them is essential for healthy life An mciease or 
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decrease in the amount of internal secretion produced by a gland, 
as in disease, may have disastious results 

It was the study of such diseases or of the results of extirpation 
of these endocrine organs which first pointed out to investigators their 
importance This led observers to attempt to replace the missing 
organ by tiansplantation of the same gland fiom another animal, 
in some cases (eg the thyroid) this led to cure, m other cases 
injection of extracts prepared from such organs was sufficient , and 
in others mere feeding on the gland was sufficient In some cases, 
however, the method was not an effective cure In time chemical 
investigators analysed the extracts, and this led to identification 
of the autacoid , m many instances this consummation has not yet 
been reached 

Some of these methods have proved much more successful than 
others m the investigation of the function of the ductless glands, 
and m the descriptions below only the most important results are 
given Much work on this subject has still to be done Gley has 
laid down the three following characteristics which must be fulfilled 
before an organ can be admitted to the class of endocrine glands 
These are — 


(1) Anatomical , the absence of a duct 

(2) Chemical, the separation from the organ extract, or to be 

quite convincing, from the blood which leaves the organ, 
of a definite and specific chemical material 

(3) Physiological, the proof that this substance has definite 

physiological actions 

Only in one or two cases, m the present state of our knowledge, 
have these three postulates been completely fulfilled 
The following is a list of the endocrine organs — 


1 The islets of Langerhans m the pancreas 

2 The interstitial tissue in testis and ovary 

3 The corpus luteum of the ovary 


The first we have already considered, the other two we may 
postpone until we consider the organs of generation m the next 
chapter - The remainder, which we will discuss now are — 


4 The Thyroid gland 

5 The Parathyroid glands 

6 The Suprarenal glands 
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7 The Pituitary body 

8 The Thymus 

9 The Pineal gland and the Coccygeal and Carotid glands 

We are using the words autacoid and hormone m a restricted sense, and not 
including all the chemical messengers of the body , thus haemoglobin the oxygen 
carrier, carbonic acid a metabolic product of all tissues and useful m stimulating 
respiratory activity as has been seen m relation to Respiration, the various substances 
absorbed fiom the alimentary canal from the food, the sugar produced m hepatic 
and other cells and so forth, are all definite chemical substances and fulfil some 
of the duties of messengers, but they are not the specific products of certain special 
glands set apart for their formation, and so are all excluded from the title of 
hormones proper 
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Fig 848 —Section through thyroid (B) and parathyroid (A) , C is the intervening connective tissue 
with blood vessels (After Vincent and Jolly ) 


THE THYROID GLAND 

The thyroid gland is situated m the neck It consists of two 
lobes, one on each side of the trachea, these lobes are connected 
across the middle line by a middle lobe or isthmus It is highly 
vascular 

The gland is encased m a capsule of dense areolar tissue This 
sends m strong fibrous trabeculae, which enclose the thyroid vesicles — 
which are rounded or oblong sacs, consisting of a wall of thin 
hyaline membrane lined by a single layei of short cylindrical or 
cubical cells These vesicles are filled with transparent colloid 
nucleo-protem material The colloid substance increases with age, 
and the cavities appear to coalesce In the interstitial connective- 
tissue is a capillary plexus, and a large number of lymphatics 
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Function — It has been definitely established that the thyroid 
gland regulates the metabolic rate, and m the young, the giowth 



Fig 349 — Myxodoema (From Sir E Sharpey Schafer s Endocrine Organs ) 



Fig 850 —Exophthalmic goitre (From Sir 1 Sharpey Schafer s Endoci me Organs ) 

of the body This conclusion has been arrived at by observations, 
both on man and on animals 
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The Effects on Metabolism 

The effect of Thyioid Deficiency (hypothyroidism) — This 
condition may be produced experimentally m animals, it may 
occur spontaneously, or be produced suigically m the human subject 
The basal metabolism becomes very low and the outstanding 
feature is slowing down of mind and body There is, as a result, 
an accumulation of fuel m the form of fat, the pulse slows, 
and m man theie is peculiar degeneration of the subcutaneous 
tissues which has caused the condition to be called myxcedema 
(fig 349) The face and hands become grossly swollen, and this, 
together with the accumulation of fat, makes the body very un- 
wieldy The skin is dry and scaly and the hair falls out The 
mentality is dull The condition is completely cured by the 
administration of extract of thyroid from other animals 

The effect of Thyroid Excess ( hyperthyroidism ) — This occurs 
when the thyroid becomes excessively active m man, and rarely 
from excessive administration of the extract There is an mcieased 
activity of mind and body The metabolic rate is markedly above 
normal, the individual uses up all his stores of fuel and becomes 
thm, the heart rate becomes excessive, there is sweating The 
nervous system is hyperexcitable, eg the reflexes are increased 
and there are fine tremors of the hands In man there is often 
pioduced a characteristic protiusion of the eye-balls, which has 
caused the name exophthalmic goitre to be given to the condition 
(fig 350) This does not occur when the hyperthyroidism is caused 
by administration of the extract, but is produced m animals if 
the long-acting sympathetic stimulant ephedrme is administered 
Death occurs from exhaustion, especially of the heart, but is prevented 
by partial removal of the organ oi its destruction by X-iays 

The success of such treatment furnishes complete proof that 
the disease is really due to the thyroid, but it has also been found 
that the blood of patients suffenng fiom the condition has, like 
thyroid extiact, the power of protecting mice against the poisonous 
effects of aceto-mtule (CH 3 CN) 

The Relation of the Thyroid to Growth — In young animals in 
which the thyroid has been removed, and in childien in whom the 
thyioid is deficient, theie is a marked retardation of physical and 
mental giowth Such children are called cretins , and are a species 
of idiot , but nothing is more striking than the way m which these 
potential idiots, under the influence of thyroid extract, grow mto 
useful members of society Here, as m the treatment of myxoedema, 
the results of experimental investigation (for the facts were not 
fully established until Schiff performed his experiments on dogs) 
have proved of the greatest service to mankind 
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The effect oh growth appears to depend not wholly on metabolism, 
but also on the relationship of the thyroid to the giowth of 
cells It is found that tadpoles fed on thyroid develop much more 
lapidly into frogs, although smaller than normal, than do controls 
not so fed (Gudersnatch) Indeed, this is now a usual method for 
standardising thyroid extract The Mexican axolotl, which in nature 
lemains permanently m the tadpole stage, develops pioper legs and 
becomes a land animal under the influence of thyroid The adminis- 
tration of lodme appears to have a similar effect which is piobably 
due to an increase in the ease with which thyroxine can be elaborated 
since the effect depends on the presence of the thyroid 

The activity of the thyroid is closely linked up with the 
metabolism of iodine, interference with the supply or absorption of 
which may lead to a form of thyroid disease known as simple goitre, 
which is a swelling of the gland due, apparently, to an accumula- 
tion of colloid material, but not necessarily associated with any 
symptoms It is specially prevalent where chalk abounds, as m 
Derbyshire, and in many districts iodine is administered to childien 
as a precautionary measure Simple goitre may be produced also by 
bacterial conditions m the intestine, which apparently interfere with 
the absorption of iodine Small doses of iodine aie also found to be 
of advantage m exophthalmic goitre 


Thyroxine 

Long before the above facts were known it was realised that the 
thy 1 oid gland contamed iodine m varying amounts accoidmg to 
the diet of the animal Dehcate chemical methods have shown that 
many of the common articles of diet, milk, eggs, onions, carrots, etc , 
contain this element m sufficient quantities foi our needs It has 
now been shown that the active principle of the thyroid contains 
iodine m conjunction with the ammo-acid tyrosine, and it has 

formula is lble ^ pr ° duCe th y roxme synthetically (Hanngton) Its 


CH 

^C-CH 3 CH NH 2 COOH 
CH 


=CH 


I 

h ° < 

c CH X- 


I 


I 


This should be compared with the foimula of 
This constitution of thyroxine emphasises the 
of iodine but also of tyrosine m the diet 
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The Control of Thyroid Activity 

The thyioid is probably thiown into activity by the sympathetic, 
since stimulation of this nerve or the injection of adrenaline causes 
a current of action to be produced m the gland Increased secretion 
has not, howevei, yet been demonstrated It has been claimed that 
some cases of exophthalmic goitre have resulted from flight, but 
the most suggestive experiments regarding the control of the thyroid 
by the sympathetic are those of Cannon who obtained the symptoms 
of hyperthyroidism by anastomosing the phrenic with the peripheral 
end of the cervical sympathetic Exophthalmos may also be 
produced b> the administration of the sympathetic stimulant 
ephednne which has a more prolonged action than adrenaline 

THE PARATHYROIDS 

These are small bodies, usually four m number, situated near 
or embedded m the substance of the thyroid They aie made up of 
elongated groups of polyhedral cells, bound together by connective 
tissue, and well supplied with blood-vessels In addition to these 
chief cells , eosmophile cells are found m small numbers Some have 
supposed that parathyroid is only immature thyioid tissue, but a 
study of development shows that the parathyioids have a different 
embryonic origin fiom the thyroid, and m the lowei vertebrates the 
two organs are entirely distinct Most of the facts concerning the 
thyroid were discovered previous to the recognition of the para- 
thyioids, and it has gradually become evident that m removing the 
thyroid it was really the simultaneous removal of the parathyroids 
which caused the neivous symptoms The most prominent symptom 
after extirpation of the parathyroids is tetany (muscular spasms 
and twitchmgs) 

The parathyroids are concerned with calcium metabolism In 
1909 MacCallum and Yoegtlm found that m tetany there was a 
reduction of the blood calcium, but it was not until Collip prepared 
an active extract m 1925 that the relationship was accepted An 
animal m which the parathyioids are lemoved is convulsive, has 
an excessively rapid heart, and would die from exhaustion within 
forty-eight hours , but it may, by the injection of the extract, be 
kept alive Fuithei, the blood calcium, which may have fallen to 
about half the normal 10 mgr per 100 cc of blood, will rise, 
possibly well above normal 

On the othei hand, it is found that if excessive parathyroid is 
administered the blood calcium may become double the normal, 
and instead of there being the hyperexcitability seen above, there 
is a geneial depression of the nervous system with drowsiness, 
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muscular flaccidity and unconsciousness, which results m death 
Clotting of the blood occurs m the vessels immediately after 
death The source of the excess of calcium m the blood is the bones, 
which must be regarded as storehouses of calcium to be called upon 
if need arises When depleted the bones become soft 

Glandular tumours of the parathyroid giving rise to similar 
symptoms have now been described m man An excessive loss 
of calcium may occur m cows after calving from the secretion 
of milk This is known as “milk fever” m cows, and the 
condition is rapidly fatal unless calcium is administered 01 the 
uddei distended with am to prevent calcium excretion 

We must understand that in the regulation of calcium metabolism 
the parathyroid co-operates with other agencies, e g , with the vitamin 
D of the diet, which influences calcium retention m the body 

More recently J H Thompson has found that extracts of 
parathyroid have a remarkable power of retarding normal growth, 
but it is not yet certain whether this effect is due to minute 
quantities of the calcium factor or to a separate substance m the 
gland 

In addition to the above function, considerable evidence has been 
put forward by Noel Paton and his colleagues that the parathyroid 
is also concerned with the protection of the body against the sub- 
stance guanidine, which is closely related to the creatine of muscle or 
methyl-guanidine acetic acid It may be that the calcium is concerned 
m the protection, but definite evidence is not yet available 


THE] SUPRARENAL OR ADRENAL CAPSULES. 

These are two tnangulai bodies, each resting upon the upper 
border of the kidney ^ 

The gland is suiiounded by an outer sheath of connective tissue, 
and consists of an outside firmer cortex and an inside soft, dark 
medulla Each portion is developed separately 

(1) The cortex is divided into (fig 351) columnar groups of 
cells ( zona fasciculata) Immediately under the capsule, however 
the groups are more rounded ( zona glomerulosa), while next to the 
medulla they have a reticular arrangement ( zona i eticulans) The 
cells are polyhedral, each with a nucleus, and contain lipoid globules 

(2) The medulla consists of a coarse meshwork of fibrous 

tissue, in the alveoli of which are masses of multmucleated proto- 
plasm (fig 352), numerous blood-vessels (smusoids, see p 8691 and 
an abundance of nerve-fibres and cells J> 


The tissue of the suprarenal medulla is often called chromaphil tissue on 
account of the ready way in which it stains with chromic salts Such tissue is 
moreover not confined to the suprarenal, but is found in scattered patches in the 
retro-peritoneal region and in many sympathetic ganglia, especially m the 
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abdomen The histological resemblance is accentuated by the piesence of 
numerous sympathetic cells in the supraienal medulla The chromaphil tissue 
wherever found always yields adrenaline 
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Fig 851 —Vertical section through part of the cortical portion of suprarenal of guinea pig a, Cap 
sule , b, zona glomerulosa , c, zona fasciculata , d, connectiv e tissue supporting the columns of the 
cells of the latter, and also indicating the position of the blood vessels (S K Alcoch ) 


The importance of the supraienal bodies was first indicated 
by Addison, who, m 1855, pointed out that the disease now known 
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Fig 352 —Section through a portion of the medullary part of the suprarenal of guinea pig The 
vessels are very numerous , the fibrous stroma more distinct than in the cortex, and is, more 
over, reticulated The cells are irregular and larger, clear, and free from oil globules (S K 
Alcock ) 



870 


THE ENDOCRINE ORGANS 


[CH LIX 


by his name is associated with pathological alteiations of these 
glands Biown-S6quard found a few years latex that lemoval of 
the supraienals m animals is m variably and rapidly fatal The 
symptoms aie practically the same (although moie acute) as those 
of Addison’s disease, namely, great muscular weakness, loss of 
vascular tone, and nervous prostration The pigmentation (bronzing) 
of the skin, however, which is a marked symptom m Addison's 
disease, is not seen m animals These expenments have been 
confirmed by Abelous, Langlois, Schafer, and ofcheis, but mote and 
more evidence has accumulated to show that it is the coitex rather 
than the medulla which is essential to life 


Effects of Extracts of the Suprarenal 

The activity of supiarenal extiact was discovered by Schafer 
and Oliver m 1894, and since that time a large amount of work has 
been done 

Adrenaline — The active principle may be extiacted fiom the 
medulla of the gland and has been isolated by Takamme and 
synthesised It is shown to be closely related to tyrosine, but the 
exact significance of this fact is not yet understood 
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[Adrenaline ] [Tyrosine ] 

Its various actions suggest a preparation for muscular activity 
The immediate effect on the circulation of intravenous injection 
is most staking It causes a marked rise of blood pressure, as a 
result of great constriction of the arterioles and, piobably, the 
capillaries If the vagus nerves have been cut the effect on 
blood pressuie is still gieater, since the drug then causes the 
heart to contract with greatei force and speed This effect may be 
shown on the isolated heart perfused with Locke's solution The 
slowing of the heart when the vagi are intact is due paitly to the 
operation of the depressor and carotid reflexes (Heymans), and 
partly to dnect action of the drug or increased cianial pressure 
(Anrep and Starling) on the vagus centre 

The action of adrenaline appears to be more particularly marked 
on the vessels of the alimentary canal and the skin, although, m 
large doses, it probably constricts all vessels If a limb is skinned, 
moderate doses, as shown by the plethysmograph, cause the vessels 
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to dilate , although the control noimal limb diminishes m volume 
The coionary arteries aie also considered to be exempt 

The action of adienahne is reveised by eigotOxin and eigotamme 
Very small doses of adrenaline, 1 m 1,000,000, m ethensecl 
animals cause a fall of blood pressure, due it appears to the skm 
and alimentary vessels being thrown out of action by the ether and 
to the fact that the effect on the vessels of the muscles is able to 
show itself (Dunlop) 

Effect on Metabolism and Respiration — Adienahne has also 
an important action m the mobilisation of glucose It reduces the 
glycogen m the liver, at the same time causing a hyperglycsemia and 
consequent glycosuria It thus counteracts the effects of insulin 
It has been shown also to increase the metabolic rate In the 
unansesthetised animal, or m an animal which has been allowed to 
rest under chloialose anaesthesia, a marked and prolonged increase of 
respiration is evident , but whether this is secondary to the metabolic 
effect is not clear 

This is to be distinguished from the better known “ apnoea,” which 
occurs immediately after the injection of a large dose of adrenaline, 
and which has now been shown to be due to impulses which pass up 
m the vagus and from the carotid sinus as a result of the use of 
blood-pressure (Heymans, Samson Wright) 

Effects on the Alimentary Canal — If a piece of intestine is 
placed m a bath of Rmgei’s solution (which contains m addition 
phosphate ions), spontaneous contraction occurs This is stopped by 
small doses of adrenaline This and other experiments indicate that 
the movements of the alimentary canal are brought to a standstill by 
the action of adrenaline The sphincters, ileocolic and pyloric, are 
stimulated and food is thereby prevented from moving from one region 
to another (Elliott) The muscularis mucosa is also inhibited (Gunn) 
Other Effects — Adrenaline also causes dilatation of the bronchi, 
and for this reason it is extensively used m the treatment of 
spasmodic asthma 

Of recent years considerable attention has been focussed on the 
action of adienahne on voluntary muscle in consideration of the 
sympathetic supply of the latter It appears, however, to be 
established that adrenaline has no effect on muscle tone, but that 
it does definitely have an effect m improving muscular contraction 
(Schafer), and m diminishing muscle fatigue (Nice and Cannon) 
This may be looked upon as subsidiary to the effects described above 
Adrenalme dilates the pupil and erects the hairs m lower 
animals The dilatation of the pupil occurs after all nerves to the 
eye have been cut, indeed, if the nerves have been allowed to 
degeneiate, the pupil reaction becomes more sensitive than before, 
a fact which shows clearly that adrenaline, although it acts like 
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the sympathetic, does not act on neive-endmgs but possibly 
through an inter mediate substance 

In amphibia, adrenaline causes a contraction of the pigment cells of 
the skin, causing the animal to be pale m colom The one sympatho- 
mimetic action which adrenaline lacks is on the sweat glands 

Development — This relationship to the sympathetic is also seen 
m the mode of development of the gland The medulla of the 
organ is developed, quite separately from the cortex, fiom that 
part of the neural crest which subsequently becomes differentiated 
into the sympathetic and the posterior root ganglia It is, there- 
fore, of interest that sensory stimulation, adrenaline, and stimulation 
of the sympathetic all bring about similar reactions 

The medulla gradually grows into the cortex which is developed 
m relation to the upper part of the Wolffian body and therefore to the 
ovary and testis In certain fishes this amalgamation does not fake 
place, and so in them it has been possible to note the effects of removal 
of one part or the othei From these expenments, and from others 
in mammals where operations for removing one part only have been 
attempted, as well as from the study of disease, the conclusion has 
been reached that of the two the cortex is the more essential for life 
The Functions of the Suprarenal Glands — The exact function 
of adrenaline and whether or not it is circulated m the blood in 
the resting animal has been much debated, but on the whole it is 
agreed that probably it is not A large numbei of facts, however, 
go to show that it may be thrown into the cnculation under 
conditions of stress The secretion of adrenaline is ceitamly under 
control of the medulla, since, if this is excited by asphyxia or if the 
splanchnic nerves which supply the gland are stimulated, adrenaline 
is secreted Great difficulty has been experienced m arriving at 
any method of demonstrating the secretion of adrenaline, the 
best evidence is acceleration of the denervated heait and dilata- 
tion of the pupil m an animal whose eye reaction has been made 
specially sensitive by the previous section of the sympathetic 
nervous supply Accordmg to Gannon, adrenaline is secieted under 
conditions of emotional stress, such as rage and fear, and from what 
has just been said regarding the action of adrenaline and of the 
sympathetic, it will be seen that the secretion of adrenaline will be 
of considerable advantage in augmenting the action of the nervous 
mechanisms and, in exercise that of carbon dioxide, in increasing the 
heart rate, metabolic rate, blood-sugar, and respiration 

A secretion of adrenaline is produced by cold and by fever 
(Cramer), for if after these conditions are caused the amount of 
adrenaline m the glands is estimated it is found to be much less 
than the normal resting value No doubt the action of adrenaline 
assists m protecting the animal against cold by constricting the 
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vessels of the skin Estimations of the amount of adrenaline m 
the supraienal are made by extiactmg the gland and finding the 
minimum which will inhibit a piece of spontaneously contracting 
intestine, or by estimating the depth of the blue coloui the extract 
pioduces with certain reagents 

Another important function of the supraienal is undoubtedly the 
annulling of the effects of toxic substances, such as histamine, which 
may be absorbed from the intestine or fiom wounds Histamine is 
the degradation product of the ammo-acid histidine, which is produced 
by the digestion of protein It has been shown by Kellaway and 
Cowell that an animal m which the medulla of the suprarenal has 
been destroyed is especially sensitive to the capillary dilator effects 
of histamine, while it may also be demonstrated that under suitable 
conditions there may be a secretion of adrenaline when histamine is 
injected mtiavenously (Dale and Burn) In certam circumstances 
this use due to adrenaline may be permanent or at least very 
prolonged (McDowall), a fact which may have an important bearing 
on the production of high blood-pressuie m man 

The piecise function of the suprarenal cortex is still unknown 
Removal of the cortex bungs about death m one to thiee weeks, 
apparently because the eapillanes become excessively permeable 
(Swingle) It has recently been possible to keep adrenalectomised 
animals alive by means of extracts of the cortex (Swingle and 
Pfiffner, Hartmann) and the substance has been found valuable m 
Addison’s disease It is claimed that the extract protects against 
the action of histamine, and it may be suggested that the active 
principle affects the permeability of membranes geneiallym which 
lipides play an impoitant part (Leathes) The cortex is particularly 
rich m vitamin C having thiee times the amount m orange juice 
(Szent - Gyorgyi) The cortical cells contam large amounts of 

lipide matenal and choline That being so, one would expect a 
relationship between the coitex and the organs of the body which 
are specially rich m lipide substances, namely the generative organs 
and the cential nervous system The view that it has an effect 
on the development of the geneiative organs is supported by 
observations that tumoui -overgrowths of the cortex lead m male 
children to piemature development of the sexual organs and pubic 
hair, and m females to the appearance of masculine characters, such 
as the growth of han, enlarged clitoris with diminution of the 
breasts, and by the facts of its development (p 872) 

The coitex is appreciably larger m the female and enlarges 
appieciably m pregnancy when the blood cholesterol is increased 
This suggests that it has some importance m regulation of body 
activities during piegnancy M'Carrison emphasises also that the 
cortex is antagonistic to the thyroid 
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THE PITUITARY BODY, OR HYPOPHYSIS 

This occupies the sella turcica of the sphenoid bone It may 
be divided into several parts, which show developmental, structural, 
and functional differences (P T Hen mg) 

(1) The anterior lobe is developed as a tubular pi obligation from 
the ectoderm of the buccal cavity, but the giowth of intervening 
tissue soon cuts off all connection with the mouth It consists of 
large granular cells and numerous blood-vessels 

(2) The posterior lobe —This is connected to the floor of the third 
ventricle, of which it forms a developmental outgrowth , m some 
animals (cat) it remains hollow throughout hfe, m others (dog) the 
neck alone remains hollow, and m most (including man) both body 
and neck are sohd, with traces of a cavity m the neck Though 
developed from the brain, it contains in the adult no nerve cells, but 
consists mainly of neurogha It is surrounded and invaded by the 
epithelium cells and colloid matter derived from the pars intermedia 
It plays the part of a gland m virtue of these epithelial cells 

(3) The pais intermedia — This lies between the anterior and 
posterior lobes, and forms a closely fitting investment of the latter 
lobe It is developed m association with the anterior lobe, and 
consists of finely granular cells arranged m layers closely applied to 
the body and neck of the posterior lobe and the under-surface of 
adjacent parts of the bram Colloid material occurs between the 
cells and passes into the mtenor of the posterior lobe, and so into 

-the cerebrospinal fluid thnd ventricle of the brain 

(4) The 'pais tuberalis —This sunounds the stalk by which the 
pituitary body is connected to the bram, at the tuber cmereum just 
m front of the optic chiasma, II in fig 247 It has a glandular 
structure and is very vascular and has a special importance because 
tumours of this region lead to a great deposition of fat and upset 
of carbohydiate metabolism Similar results occur from damage to 
the hypothalamic area which probably controls the pituitary secretions 

The Functions of the Pituitary Body 

It was first recognised by Mane and Marmesco m 1889, that 
increase m the size of the pituitary led to abnormality m giowth, 
but it was not until 1894 that Olivei and Schafer demonstrated that 
extracts of the gland had certain important actions Since that time 
a large mass of evidence has accumulated to show that, as the 
development would lead one to expect, the two mam parts of the 
organ have apparently different functions 

The Anterior Lobe —Experiments on animals show that this 
part of the gland appears to be essential to life, but if a portion 
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only of it is removed it is observed that the animal fails to grow 
(Sutherland Simpson) By far the most important observations have 
been made m man when the pituitaiy becomes diseased 

Hypopituitarism — In man, a variety of changes may occur, but 
there are several outstandmg features of which the most marked are 
dwarfism, the failure of skeletal and mental development, lacji of 
development of the genital and the secondary sexual characteristics, 
and the tendency to store fat (dystrophia adiposo-gemtalis) There is 
often also a simple polyuria (diabetes insipidus) In certain cases, 
only some of the characteristics appear, eg , the adiposity or lack of 
sexual development These differences are possibly due to the extent 
to which the posterior lobe is affected Cushing has emphasised that 
the Frohlich’s syndrome (adiposity) is specially related to disease of 
the pars tuberalis 

Hyperpituitarism — Experimentally the administration of extract 
to young animals has been shown to produce an increase m size 



Fig S58 —Acromegaly, successive stages (From Sir E Sliarpey Scliafer’s Endocrine. Organs ) 


The administration has apparently, however, to be made by injection 
into the peritoneum m mammals, but successful experiments by 
feeding have been recorded m salamanders (Uhlenhuth) 

In man, the effect of mci eased activity of the gland depends on 
whether growth has stopped when the increase begins If the 
epiphyses have not joined, the bones of the limbs, etc, become 
excessively long, 01 gigantism is produced The Irish giant, 
described by John Huntei m the eighteenth century, was shown by 
Keith to have an enlarged sella turcica Later, only the overgrowth 
m the other bones occurs This is especially seen in the lower bones 
of the face and the bones of the hands and feet, which become grossly 
enlarged , a characteristic appearance results which has caused the 
condition to be known as aciomegaly (fig 353) 

Relation to Organs of Reproduction — It is now evident that 
the anterior lobe is also related to the function of the o vanes In 
animals injected intraperifoneally Evans and Long have found that 
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although the ovaries develop they do not ovulate while the e\tiact 
stimulates the production of coipoia lutea Similaily Paikcs has 
shown that transplantations induce prematuie pubeity and manimaiy 
activity m rabbits In man it has been lecoided that hypopituitansm 
is accompanied by a general depression of sexual functions 

The Posterior Lobe and Pars Intermedia — These do not appear 
to be so important foi life, but they elaborate the substance, pituitrin, 
which causes some very characteristic reactions Much of the early 
work was carried out with watery extracts, which contain also the 
depressor substances present m most tissues, but by preliminary 
alcoholic extraction these can be removed, and a purer substance is 
thus obtamed The active principle of the posterior lobe is not 
destroyed by boiling 

Effect on the Circulation — The effect of intravenous injection 
is to produce a marked temporary rise of blood-pressure, which, 
however, is more prolonged than that due to adrenaline Unlike the 
rise caused by adienaline, however, the effect is not repeated, or is at 
any rate diminished, when a second injection is made soon after the 
effects of the first has worn off, the reason for this is not yet clear 
Many commercial preparations still contain some of the depressor 
substances present in most tissues, and when the pressor action has 
passed off the depressor effect becomes evident The constriction 
of the skin vessels is very marked, and often the pallor caused 
theieby cieates alarm, although it has not necessarily any senous 
significance In spite of this vasoconstriction the blood-pressure 
of man does not rise appreciably, if at all, indicating that there 
is considerable vascular compensation The slowing of the heart, 
which takes place, may be part of the compensation 

Effect on the Kidney — The effect of the extract on the secretion of 
urine depends on whether or not the animal is anaesthetised In man, 
or unanaesthetised animals, there is a 1 eduction in the amount of mine 
and, foi this reason, pituitrin may be used to reduce the amount of 
urine m diabetes msypidus, a condition m which large quantities of 
dilute urine are passed Since it has now been shown that pituitary 
extract increases the amount of chloride m the urine (Starling and 
Yerney), it appears probable that the increased facility to excrete 
this salt diminishes the need to excrete large quantities of water 

In anaesthetised animals, pituitary extract increases the flow of 
urine, apparently as a result of dilatation of the kidney vessels This 
fact is not related to the rise of blood-pressure which may be caused , 
since it may be brought about by later doses, which do not cause 
the rise 

Effect on Elam Muscle — In lactating animals it causes the milk 
to flow, not because it is an active galactogogue, but because it 
produces constriction of the muscle fibres around the mammary 
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ducts and alveoli Snnilai plain muscle sunoundmg tubes, e g 
Fallopian, and blood-vessels are constucted, but if the extract is free 
fiom histanune the intestine is not affected 

Effect on the Uterus ( oxytocic action) — Of all varieties of plam 
muscle this appeals to be the most sensitive The uteius of the 
virgin guinea-pig is the favourite test object It is suspended m 
oxygenated Rmgei’s solution at 87° fiom a weighted lever which 
records the contractions The extract is standardised by com- 
paring the conti action of an unknown sample with that caused 
by a standaid sample, extraordinary dilute solutions of the extiact 
cause contraction, Abel states that 1 part m 250 millions is 
sufficient “ Oxytocic” means “quick delivery,” and the extract 
is used with due precautions m obstetric practice, but too large 
doses have been known to cause rupture of the uterus The fact 
that cerebro-spmal fluid gives the oxytocic test suggests that the 
pituitary secretion enters that fluid It has been suggested that 
such pituitary secretion is responsible for the onset of labour, but 
since its injection does not cause labour m an animal not at full 
time it is evident that other factois aie concerned Recently Kamm 
has prepared a product “ oxytocm ” which is claimed to be almost 
free from the vasoconstrictor (“ vaso-pressm ”) fraction 
i Effect on Pigment Cells of Amphibia — Unlike adrenaline, pituitary 
extract injected into a frog causes a darkening of the skin from 
dilatation of the melanophores Tins result is brought about with 
very small doses — a fraction of a cubic centimetre of a one m a 
million solution — and it may therefore be used as a test Removal 
of the posterior lobe m the frog, on the other hand, causes con- 
striction of the skm melanophoies and, consequently, pallor The * 
substance which produces this effect appears to be concentrated m 
the pars intermedia (Hogben and Wmton) 

Effect on Carbohydrate Metabolism — The extract may cause a 
slight use of the blood-sugar, but it appeals quite definitely to 
have the power of antagonising insulin (Bum) The fact that m 
diseases of the pituitary body there is a tendency to fat storage and 
marked increase m sugar tolerance, ie, a much greater amount of 
sugar can be ingested without causing glycosuria, indicates that m 
such cases there has been a loss of this function On the other 
hand, m diseases of the anterioi lobe there may be some initial 
stimulation of the other parts of the gland, which brings about a 
hypeiglycsemia and glycosuria, later this gives place to evidences of 
loss of function of those portions when they degenerate as a result of 
the pressure of the enlarged antenoi lobe 

The function of the pituitary body may be looked upon as that 
of a regulator of some of the most important processes in the body 
The anterioi lobe is intimately connected with giowth, while the 



878 


THE ENDOCRINE ORGANS 


[CH LIX 


pars intermedia is concerned with metabolism , the exact function 
of the pars neivosa is as yet undetermined Both paits of the 
organ appear to conti ol the reproductive functions, the anterior part 
being concerned with sexual development and the postenor with 
many of the adaptations and mechanisms of pregnancy 


THE THYMUS. 


This gland attains its greatest size soon after birth, and after the 
second year it gradually diminishes, until in adult life hardly a 
vestige remains , it is then replaced by adipose 
& and connective tissue This, at any rate, has 
n/\ £ 0 * been the general belief until the last few years 

\ , 1 Some recent observations, however, appear to 

. ^ Ah *5 show that the thymus persists longer, and may 
if c : ~^y grow until puberty , and that some true thymus 
> ] tissue may persist throughout life The re- 

<- 1 moval of the thymus is not fatal 

The gland is surrounded by a fibrous 
capsule, which sends m processes, forming 
FIG the 6 re ph trabeculae, that divide the gland into lobes, 
ceiis , cor p -asc!es of and carry the blood- and lymph- vessels The 

( } large trabeculse branch into small ones, which 

divide the lobes mto lobules The lobules are further subdivided 


Fig 854— 1 The reticulum of 
the thymus a, Lymph 
cells , 6, corpuscles of 
Hassall (Cadiat ) 


mto follicles by fine connective tissue A follicle is polyhedral m 
shape, and consists of cortical and medullary poitions, both of which 
are composed of adenoid or lymphoid tissue, but m the medullary 
portion the matrix is coarser, and is not so filled up with lymphoid 
corpuscles as m the cortex Scattered in the lymphoid tissue of the 
medulla are the concentric corpuscles of Hassall (fig 354), which are 
nests or islands of epithelial cells cut off from the epithelium of the 
pharynx in process of development 

It has generally been assumed that the lymphoid tissue of which 
it is composed forms colourless corpuscles, Stohr’s contention that 
it is not true lymphoid tissue has not met with acceptance 

It has been stated that m hibernating animals, in which it 
undoubtedly persists throughout life, that as each hibernating period 
approaches the gland enlarges, and its cells become laden with fat 
In this case, the store of fat will help to maintain combustion 
processes during the winter sleep 

Lately it has been suggested that there is some relationship 
between the thymus and the generative organs , and this view is 
supported by the circumstance that cassation retards the atrophy 
of the thymus, whilst removal of the thymus hastens the growth 
of the testes 
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The evidence that the thymus has any internal secretion is thus 
veiy slender It should peihaps be better classed with the lymphoid 
oigans wo have alieady studied 

The Pineal Gland. 

This gland, which is a small reddish body, is placed beneath the corpus callosum, 
and rests upon the corpora quadrigemina It is composed of tubes and saccules 
lined and sometimes filled with epithelial cells, and containing deposits of earthy 
salts (biain sand) A tew small atrophied nerve-cells without axons are also seen 
In certain lizards, such as Hattena, and in certain fishes such as the lamprey, 
the pineal outgrowth is better developed and may be paired One division corre- 
sponds to the pineal gland, the other becomes developed into an eye-like structure 
connected by nerve-fibres to the habenular ganglion , this third eye is situated 
centrally on the upper suiface of the head but is covered by skin 

The chit f claim the pineal gland has to be considered an endocrine organ is that 
it has possibly some obscure relationship to the development of the sexual organs 

The Coccygeal and Carotid G-lands 

These are situated, the one in front of the tip of the coccyx and the other at 
the point of bifurcation of the common carotid arteiy They are made up of a 
plexus of small arteries, and are enclosed and supported by fibious tissue They 
contain also polyhedial cells collected into spheroidal clumps (carotid gland) or 
irregular nodules (coccygeal gland) Some of the cells of the carotid gland stain 
brown with chromic acid like those of the suprarenal medulla 


Qmcial — From what has been said it is evident that the 
endocime oigans foim impoitant chemical substances for the control 
ot the body, but it must lie understood that they themselves are 
controlled by the nervous system The advantage of chemical over 
neivous control ot oigans is that it can be moie generalised and 
more pndongod As yet, however, we know very little of the way 
m which the secictions of the ductless glands are brought into 
relationship with the requirements of the animal 
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CHAPTER LX 


REPRODUCTION AND DEVELOPMENT 

AN adequate discussion of this large subject would ^ 

as long as the present volume It would lead f Ere 

fields and into discussions of a philosophical and h v A11 

which would be quite out of place m a physiological • ' ° ally to 

wo can do is to put down the important facts, an P A 
dwell on those which have a physiological bearing BOint of 

m the pwt Won siwni.iHy studied bon, the ^",2 
view, but it has its physiological counterpart;, „ rt „ oarirm< q 1T1( ,i v 
mciease hi complexity; so also does function become correspondingly 

differ on tinted «tnd vaind .1. tJiffpvftTiop 

The explanation of heredity is a subject on which much (Me 

of opinion piovai Is It does however, a PPf r h f male and female 

accepted that the material of the nucleus of the m trangmisgl011 
reproductive elements is of special importance s^ ^ nucleug ^ 
of hereditary characters That the chromosomes instance, 

of vital impel tanco is clearly shown by several tac ^ bod ^ 

they aio consUnt 111 numbei not only m the ceu , Qr la ,nt 

m all individuals of any particular species 0 al hal v ing 

though differing m numbei in different species » ± m ^ mtams thl & s 

of each cluomosome, which occuis during n hfe-history 

numerical constancy, except m a certain perio formation of the 
of each individual, and this period occurs m tn one gtep m the 
reproductive cells (often called gametes ) L> , mber 0 f chromo- 
karyolanctie cell-division, half of the no c0nsists m the 
somos arc thrown out, and the act of fertilisa nt&1 nucleus 

ftiBion of the male and female gametes, e 5 an d thus the 

provides half the normal number of chrom * e more Many 

fertilised egg-cell starts with the full complem i bearers of the 
biologists regaid the chiomosomes as the a -parents, or, at any 
characters which an organism inherits from * chests Weismann’s 
rate, they adopt this view as a working hyp transmissible rests 
view that ohaiaeteis acquired after birth are n R1( q e red as proved 
on negative evidence only, and so cannot be con 



885 


OH LX] OENFJSAL TOST-NATAL LIFE-HISTORY OF MAN 

fowl is comparable to what Mendel supposed to exist in his hybrid 
pens The gametes of the bleed, accoiding to this hypothesis, instead 
of being all similar and untying the blue charactei, aie of two 
diffiuent hinds, those of tho one kind being beareis of the black 
diameter, and those oi the othei being bearers of the splashed- 
white diameter Such gametes, uniting by chance when the fowls 
mate togethei, give use to three lands of offspring, one black-white 
(becoming blue, actually, liko the paients), one black-black, and one 
white-white, these appearing (on an average) m the proportion of 
2 1 1 accoiding to tho law of piobability The segregation of 
gametes carrying diffoiont ehaiacteis is the essential principle m 
Mendel’s theory, the existence of dominant and recessive characters, 
though often observable, beiug by no means universal Thus m the 
case of tho Andalusian fowl neithei the black character nor the 
“ splashed- white ” is dominant, and neither is recessive 

In a simple unicellular organism such as the amoeba, there is not 
only no differentiation of sex, but theie is also no differentiation 
between the icpioductive element (Weismann’s germ plasm) and 
the lemainder of the body (Weismann’s somatoplasm) When the 
amoeba piopagates itself by dividing into two new amoebae, the 
whole animal is concerned in the act of reproduction, and, barung 
accidents, the new amoeba may behave m this way indefinitely, and 
so may In* spoken of as nnmoital In this sense the only part of 
the body which ih immortal in the higher animals is the germ-plasm 

The (Senkral Post-Natal Life-History of Man 

The new-horn child, which in the uterus was obtaining its 
nutriment and oxygen from its mother’s blood, is severed from the 
organ called the placenta, by means of which this was accomplished, 
by cutting through tho umbilical coid The want of oxygen is met 
by the child beginning to bioathe, and its nutument is supplied by 
its mother's milk, which later on is supplemented and replaced by 
other articles ot diet Immediately aftei birth certain changes 
occur m the calculator y system, the foramen ovale, the opening 
between the two mmoles, begins to close, and so do the ductus 
arteriosus and the ductus vouosus The now functionless umbilical 
vessels close also until they are reduced to mere fibrous cords 
These changes are completed m a few days, and the circulation then 
takes the course it traverses foi the lest of life 

In addition to this theie are changes of a more general kind, the 
most obvious of which is giowth, this is accompanied with the 
completion m the fmmation of certain organs and tissues which are 
m a comparatively immature condition when the child is born 
Thus medullation of the fibres m the central nervous system is 
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taking place, and the process of ossification continues until the 
bony skeleton is perfected The generative organs leach maturity 
at the period of life known as puberty 

The rate of growth after birth is not so rapid as it is m 
utero, and every yeai the relative mciease m size gets less and 
less On the average, girls in the earlier years glow more than 
boys, but at the onset of puberty this relationship is usually re- 
versed At puberty theie is generally an acceleration of the rate 
of growth in both sexes, but this gradually declines, and finally 
growth ceases 

Puberty then is the period at which the sexual organs become 
matured and functional In girls this occurs on the average at 
about fourteen or fifteen years of age, and is marked by the onset of 
menstruation Menstruation, or the monthly flow, continues until 
the age of forty-five to fifty, when it ceases either gradually or 
suddenly, and after this period (the menopause or climacteric) further 
pioduction of offspring is not possible The menopause may be 
accompanied with great depression and other disturbances of a 
physical and mental nature 

In boys, puberty is usually a little later developed than m girls, 
but there is no limit at the other end of life corresponding to the 
menopause 

In both sexes the onset of puberty is accompanied by the 
secondary sexual characters becoming pronounced, such as the 
increase in fullness of the mammse in the female, and the growth of 
han on the face and the increase in size of the larynx which leads to 
the deepening of the pitch of the voice m the male 

The Male Eeproductive Organs 

These consist of the two testes which produce spermatozoa, and 
the ducts which lead from them 

The testis is enclosed in a serous membrane called the tunica 
mgmalis , originally a part of the peritoneum, which descends into 
the scrotum before the testis and subsequently gets entirely cut off 
from the remainder of the peritoneum There aie, however, many 
ammals m which the testes remain permanently m the abdomen 
The external covering of the testicle itself is a strong fibrous capsule, 
called, on account of its white appearance, the tunica albuginea 
Passing from its inner surface are a number of septa or trabeculae, 
which divide the organ imperfectly into lobules On the posterior 
aspect of the organ the capsule is greatly thickened, and foims a mass 
of fibrous tissue called the corpus Highmomanum (body of High- 
more) or mediastinum testis Attached to this is a much convoluted 
tube, which forms a mass called the epididymis This receives the 
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(bulH of the tostiH, «tnd ls prolonged into a thick-walled tube, the ms 
dcfemis, by which the semen passes to the metlira 

Each lobule ot the testicle contains seveial convoluted tubes 
Eyety tube commences neni the tunica albuginea, and terminates 
after joining with otheis m a s tunqhb tubule, which passes into the 
body of lfighmoio, wheio it ends m a network of tubes, the oete 
Irish', Emm the lete about fifteen efferent ducts (vasa effeunha) 
aiiso, which become, < onvoluted to form the com msculosi, and then 
pass into the tube of the epididymis 
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Pxo SfiC —Section of the epididymis of 
a clog —The tube is cut in several 
places, both transversely and ob 
liqncly , it ib seen to bo lined by a 
ciliated epithelium, the nuclei of 
which are well shown c, Connec 
tivo tissue (Schofield ) 



Tho cod no/ 1/ fed m semmifcious tubes have the following structure 
o.u.h ci insists of (1) an outei wall of flattened connective-tissue cells 
mlenmngled with clastic bines, (2) a fine membrana propria (3) a 
lining epithelium of several layers of germinal cells Next to the 
meinbriia i.iomm is a layer consisting of spermatogonia and 

for the developing spin mato/oa Moie internally, between the pro- 
jecting piooesses of the muse cells, are larg Q primary spermatocytes 
derived from the ihvisiou of the spermatogonia StiU nearer the 
lumen of the tube ho the secondary spermatocytes, which are the 
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daughter-cells of the primary spermatocytes , the secondary sperma- 
tocytes give rise by division to the spermatids which lie next the 
lumen The spermatids become embedded m the inner ends of 
the nurse cells, where they grow and become convex ted into 
spermatozoa 

The interstitial connective tissue of the testis is loose, and 
contains numerous lymphatic clefts Lying m it, accompanying 
the blood-vessels, are strands of epithelial cells, of a yellowish 
coloui (mte?shtial cells) 



Fig 857 —Section through portion of two semini 
ferous tubules of the testis, showing also intei 
stitial tissue a, Basement membrane , b 
spermatogonium, e, spermatocyte, d, sperma 
tozoa m cavity of tubule , 6, interstitial tissu 
with blood vessels (Marshall ) 



Fig 858 -Erectile tissue of the human poms 
a > Fibrous trabeculae with their ordinary 
capillaries, 5, section of the venous 
sinuses , c, muscular tissue (Oadiat ) 


The sto aight tubules consist of basement membrane and lining 
cubical epithelium only The tubules of the rete testis are 3 
by cubical epithelium, the basement membrane is absent The 
vasa efferent™ and epididymis are bned by columnar cells, some of 
which are ciliated, while others are devoid of cika, and probably 

rr tt s i r r y T f r ton8 “ * §°° d deai ° f 2S 

m their walls The ms or ductus defei ens consists of a muscular 
S ( £ uter la ? er longitudinal, middle circular, inner longitudinal) 

bj 1 6 “ mer ■“*“ °* ^ > s 
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The vesiculce semmales aie outgiowths of the vasa deferentia 
Each is a much convoluted, branched, and sacculated tube of 
structuie similar to that of the vas deferens, except that the wall 
is thmnei , then secretion is added to the semen, as is also the 
secietion of the glands of the prostate 


A B 



Fio 3^9 —Semi diagrammatic lepresentatiou of 
human spermatozoa A, front view, B,side 
view 1 Acrosomc, sunoundmg head, 2 K 
neck , 3, middle piece , 4, tail , 5, end piece 
The axial filament runs through the body 
and tail into the end piece 



Fro 360 — Diagram of 
part of a human sper 
matozoon highly mag 
mfied (after Meves) 
1, Acrosome, 2, head, 
8, anterior conbriolo 
m neck , 4, posterior 

centriole m neck , 5, 
axial filament, 6, spiral 
sheath , 7, sheath of 

axial filament m middle 
piece , 8, mitochondrial 
sheath , 9, annulus , 10, 
thick sheath of axial fila 
ment m tail 


The perns is composed of cavernous tissue covered by skin 
The cavernous tissue is collected into three tracts, the two corpora 
cavernosa and the corpus spongiosum in the middle line interiorly 
All these are enclosed m a capsule of fibrous and plain muscular 
tissue, the septa which are continued m from this capsule, form 
the boundaries of the cavernous venous spaces of the tissue The 
arteries run m the septa , the capillaries open into the venous spaces 
The arteries are often called helicme, as in injected specimens they 
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form twisted loops projecting into the cavernous spaces (see also 
“ Calculation ”) 

The Spermatozoa — The semen is a uchly albuminous fluid m 
which are suspended the spermatozoa Each speimatozoon consists 
of a head, a middle-piece and a tail The head is oval and flattened 
It is composed of a nucleus, m which the chromosomes are so 
compressed together as to be indistinguishable, and an acrosome 
The aciosome forms a cap over the antenor end of the nucleus The 
sperm efiects entrance into the ovum at fertilisation by means of 
this acrosome, which probably liberates substances which assist m 
peiforating the zona-pellueida of the egg The middle-piece is 
composed of a neck, containing one or two centnoles, and the middle- 
piece pioper The axial filament of the tail originates m the 
centnoles contained m the neck immediately behind the nucleus 
It traverses the middle-piece and the whole length of the tail The 
cytoplasm surrounding the axial filament m the middle-piece contains 
the granular structures known as mitochondria and Golgi bodies A 
dehcate cytoplasmic sheath surrounds the axial filament throughout 
the greater part of the length of the tail, but this is absent at the 
extieme posterior end, winch is known as the end-piece 


The Female Eeproductive Organs 

These consist of the two ovaries which produce ova, and the 
uterus with the Fallopian tubes and vagina which are continuous 
with it 

The Ovary is composed of fibrous tissue (stroma) containing, 
near its attachment to the broad ligament, a number of plain 
muscle fibres It is covered by a layer of cubical cells, called 
the germinal epithelium, which, m young animals, is seen dipping 
down, here and there, mto the stroma The stroma generally 
contains a number of mtei stitial cells ° 

Sections of the ovary show that the stroma is crowded with a 
number of rounded cells, the oocytes , which are contained m numerous 
vesicles of different sizes called Graafian follicles The smallest 
follicles are near the surface, the largest are deeply placed, but as 

they expand they again approach the surface, and ultimately rupture 
upon it j r 

The smallest follicles consist of a single layei of epithelium 
surrounding the oocyte, and an outer layer of fibrous connective 
tissue derived from the stroma In larger follicles the epithelium is 
many-layered and is known as the membrana granulosa The 
outer layei is also differentiated mto an mner vasculai layer the 
theca interna, and an outer fibrous layer, the theca externa 



CII lx] 


TUB FEMALE REPRODUCTIVE ORGANS 


891 


Dm mg the later giowth of the follicle a cavity, the antrum, appears 
m the membrana granulosa and enlaiges until it occupies the major 



Mo 301 —Diagrammatic view of the uterus and its appendages, as seen fiom behind The uterus and 
-*+1 e vagina lia\e been laid open by removing the posterior wall, the Fallopian tube, 
i c i 1 and ovarian ligament have been cut short, and the broad ligament removed on the 
* ■> , i ' upper part of the uterus , c, the cervix opposite the os mtemum , the triangular 

shape of the uterine cavity is shown, and the dilatation of the cervical cavity with the rugse 
termed arbor vital, v, upper part of the vagina, od, Fallopian tube or oviduct, the narrow 
communication of its cavity with that of the cornu of the uterus on each side is seen , l, round 
' L,r~> - ,L , ^ * £r uw, r ,.jj 0 # +] le 0 vary, o, ovary, wide outer part of the right Fallopian tube, 
r , "•> 1 ~ a t - in * po, parovarium, h, one of the hydatids frequently found connected 
with the broad ligament £ (Allen Thomson ) 


Hi 







Fio 302 —Section of the ovary of a cat A, germinal epithelium, B, immature Graafian follicle, C, 
stroma of ovary, D, 7 ona pollucida — J -r the primary oocyte, E, Graafian follicle showing 
lining cells , F, follicle from which - r ^ ^ fallen out (V D Harris ) 


pait of the follicle The cells of the membrana gianulosa lme this 
cavity and form a discus pioligerus aiound the oocyte which projects 
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into .it The antrum is filled with fluid, the liquor folheuli The 
Graafian follicle finally ruptures and liberates the discus proligeius 
with the contained oocyte, which then enters the Fallopian tube 
This process of ovulation probably occuis m woman about every 
four weeks 

After ovulation a glandular structure, the corpus luteum, 
develops m the cavity of the ruptured follicle The corpus luteum 
is formed by the ingrowth of the cells of the membrana granulosa 



>1 6S , Ti C< ? r ? US lnteni ? of ? OUSOj 3 £ 0 ™g its formation completed The central cavity is occupied 
*+ e connective tissue, the converging trabeculae anastomose with one another so as 

° f th0 1Ut6al CeUs Schafers 


and theca interna into the antrum These cells hypertrophy and 
globules of yellow pigment and lipides make their appearance m 
them Strands of cells and blood-vessels grow m from the theca 
mterna and divide the lateral cells into columns The centre 
of the corpus luteum is often occupied by a clot foimed from blood 
liberated when the folhcle is ruptured, and from the remains of 
the liquor folheuli which did not escape The corpus luteum 
begins to degenerate after a short time and always before the 
next ovulation, if pregnancy does not supervene It persists when 
tertUisation is effected, and only degenerates shortly before the 
child is born The following table gives the chief facts m the life- 
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history of the oidirury human coipus luteum, compared with that 
of pregnancy — 


At the end of 
three weefa 
One month 


Two months 


Six months 


Nine monttis 


Ordinary 
Corpus Luteum 


Corpus Luteum of 
Pregnancy 


Three-quarters of an inch 
convoluted wall pale 
Smaller , convoluted wall 
bright yellow, clot still 
reddish 

Reduced to the condition 
of an insignificant cica- 
trix 
Absent 


m diameter , central clot reddish , 

Larger, convoluted wall bright 
yellow, clot still reddish 

Seven-eighths of an inch m dia- 
meter, convoluted wall bright 
yellow , clot decolorised 

Still as large as at end of second 
month , clot fibrinous , convo- 
luted wall paler 

One half an inch m diameter , 
central clot converted into a 
radiating cicatrix , the external 
wall tolerably thick and con- 
voluted, but without any bright 
yellow coloui 


The ovarian ovum or primal y oocyte (fig 364) is a large spheroidal 
cell surrounded by a transparent striated membrane called the zona 



Nucleus or germinal vesicle 
Nucleolus or germinal spot 


Space left by retraction of 
protoplasm 

Protoplasm containing yolk 
spherules 


Zona pellucida 


Pig 364 — A human ovum (Cadiat ) 


pellucida , or zona stoiata The protoplasm is filled with large 
fatty and albuminous granules (yolk spherules), except m the part 
uiound the nucleus, which is compaiatively free from them It con- 
tains a nucleus, and usually one very well-maiked nucleolus The 
nucleus and nucleolus are still often called by their old names, 
germinal vesicle and germinal spot respectively An attraction 
spheie, not shown m the figiue, is also present, and a fine membrane, 
the vitelline memhane, immediately invests the protoplasm within 
11 le zona pellucida 

The Fallopian Tubes or tubse utennse which lead to the uterus 
have externally a serous coat from the peritoneum, then a muscular 
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Fig 865 — Diagram showing mode of development of primary oocytes from primitive germ cells m 
mammalian ovary 1, Germinal epithelium , 2, primitive germ cells, 8, oogonia, 4, primary 
oocytes In A, two primitive germ cells are seen imbedded m the germinal epithelium In B, a 
primitive germ cell has descended into the stroma of the ovary accompanied by cells proliferated 
from the germinal epithelium which will become the cells of the membrana granulosa In C, the 
odgonia derived from primitive germ cells, and primary oocytes produced by division of the 
oogonia, are seen (After Buhler ) 



Fig 866 -Transverse section through normal uterus of rat (Marshall and Jolly ) 
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coat (longitudinal fibres outside, circular inside), and most internally 
a vascular mucous membrane thrown into longitudinal folds, and 
covered with ciliated epithelium 

The Uterus (for transverse section, see fig 373) consists of the 
same three layeis The muscular coat is, however, veiy thick, and 
is made up of two strata imperfectly separated by connective tissue 
and blood-vessels Of these the thinner outer division is the tiue 
muscular coat, the fibres of which are arranged partly longitudinally, 
partly circularly The inner division is very thick, its fibies run 
chiefly m a circular dnection , the extremities of the uterine glands 
extend into its internal surface It is m fact a much hypertrophied 
musculans mucosae The mucous membrane is thick and consists of 
a conum of soft connective tissue, lined with ciliated epithelium 
this is continued down into long tubular glands which have, as a 
rule, a convoluted couise In the cervix the glands are racemose 
Near the os uten the epithelium becomes stratified, stratified 
epithelium also lines the vagina 

The Formation of the Gametes 

The production of ova by the ovary is known as oogenesis The 
formation of speimatozoa by the testis is known as spermatogenesis 
The prodigality of nature m providing for the continuance of the 
species is well illustrated by the fact that at bnth the human 
ovaiy contains about 70,000 immature oocytes Quite a small 
mmoiity of these attain maturity, and get situated m Graafian 
follicles many follicles, moreover, never burst, after attaining a 
certain degiee of maturity, even duung childhood, they atrophy 
more oi less completely On the average, one follicle ripens every 
four weeks, so that m the period between the onset of puberty and 
the menopause, say from fifteen to forty-five years of age, there is 
a possibility m the thirty intervening years of the production of 
about 400 ripe ova Of these again a very small minority become 
fertilised Still more is the lavishness of the provision illustrated 
m spermatogenesis , it has been calculated that m the semen ejacu- 
lated at an act of coitus theie are more than two hundred million 
speimatozoa, and only one of these is needed for the fertilisation of 
an ovum 

Spermatogenesis — The germ cell divides into spermatogonia 
which undeigo several divisions, two of which are shown m the 
diagram (fig 367) Each spermatogonium m the end grows and 
becomes a pnmaiy spermatocyte, it divides into two secondary 
spermatocytes, and each of these into two spermatids which develop 
into speimatozoa In the division of the primary into the secondary 
speimatocytes, the mitosis is heterotypical and the number of chromo- 
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somes is reduced to half the normal somatic number This phenomenon 
is paralleled m the history of the oocyte, and it will be convenient to 
postpone the histological details until we come to the oocyte 

The result is that the secondary speimatocyte and its descendants, 
the spermatids and spermatozoa, have only half the number of 
chromosomes chaiactenstic of the species The maturing of the 
spermatozoa takes place within the seminiferous tubes 


A"' 


Germ cell 


• •ft 

A A A A 

»•*••••# 


-Spermatogonia 


Heterotype 
mitosis and 
reduction of 
chromosomes 
to half the 
usual number 


Period of growth 
Primary Spermatocyte 

— Secondary Spermatocytes 
• 6 • 0— Spermatids 
^--Spermatozoa 

Fig 3b7 —Diagram to illustrate spermatogenesis 


A. 

A A 


1 I 1 I 

/f \X 


Oogenesis takes place on the same general lines as spermato- 
genesis, but with some rather important differences m detail In 
the first place, the changes in the ovary aie coi related with certain 
changes m the nterus which result in menstruation A second 
important diffeience is that maturation of the ovum occuis after the 
oocyte has left the ovary when it is on its journey along the 
Fallopian tube to the uterus A thud diffeience is that the ovum 
is considerably larger than the spermatozoon 

The ova arise from oogoma which are present m the ovary 
probably only during embryonic life The oogoma are capable of 
multiplication by division Finally each oogonium divides into two 
primary oocytes The primal y oocytes then undergo a reduction 
division, the first maturation division, which results m the production 
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of the first polai body The reduction division is characterised by a 
clumping together of the chromosomes at one stage, known as 
synapsis, and by the subsequent reappearance and pairing of the 
individual chiomosomes These preliminary changes are completed 
m all the oocytes m a human ovaiy shortly after bnth The 
subsequent stages of the division do not take place until the oocyte 
is about to be ovulated 



Heterotype mitosis 
and reduction of the 
chromosomes to half 
the usual number 


Secondary oocyte 


Mature ovum 



— Period of growth 
-- Primary oocyte 

- First polar body 


Division of the 
First Polar body 


.-Second polar body 


Fig 30 b —Diagram to illustrate oogenesis 


Maturation — Then a spindle is formed and one chromosome of 
each pan goes to each pole The spindle is eecentnc m position and 
piojoets, m a small piotubeiance of protoplasm, from the surface of 
the oocyte The division causes the sepaiation of the little pro- 
tubeiance, the first polar body, from the oocyte This reduction 
division results in half the chiomosomes being extruded with the 
fiist polai body and half being retained m the oocyte, which is 
now known as a secondary oocyte The process of reduction m the 
female is very similai to that m the male, where it results m 
the formation of two secondaiy spermatocytes fiom a primary 
spennatocyte In both sexes the number of chromosomes m the 
daughter-cells is half that of the parent-cells After the secondary 
oocyte is ovulated, another division occurs, resulting m the produc- 
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tion of a second polar body This division does not reduce the 
number of chromosomes, as each is split m two m the normal 
manner Simultaneously, the first polar body divides into two 
The resulting three polar bodies remain m the zona-pellucida, of 
the now mature ovum, and degenerate (fig 368) 




Fig 369 —Diagram showing the formation of the polar bodies (maturation of the ovum) A, B, and 0 
show stages m the formation of the first polar body by lieterotypical mitosis A is a primary oocyte 
at the commencement of mitosis, when onlv half the usual number of chromosomes appear 
Thus if eight is the normal number, they unite into four pairs of double chromosomes B shows 
a later stage m mitosis and the formation of the first polar bud 0 is a secondary oocyte , it has 
no distinct nucleus, because no resting stage occurs , after the separation of the first polar body, 
the chromosomes which remam m the secondary oocyte at once rearrange themselves on a new 
spmdle D is the mature ovum, with the female pronucleus and the two polar bodies 1, First 
polar bud, 2, first polar body, 3, second polar body, 4, chromosomes on spmdle of primary 
oocyte , 6, zona striata , 6, vitelline membrane , V, daughter chromosomes m first polar Dud , 8, 
female pronucleus The chromosomes shown m B, C, and D both m the ovum and the polar bodies 
are all single chromosomes 

The meaning of the polar bodies has been the subject of much speculation , it 
is supposed that the female cell casts out certain constituents m order to make 
room for the addition to it of material from another individual* namely, the male 
Some animals multiply without the intervention of the male sex, or the intervention 
occurs at long intervals with many intermediate generations , this is known as 
parthenogenesis One must therefore suppose that the female cell has within it a 
male component which can be transmitted to future generations 

The ovum after it is liberated from the ovary by the rupture 
of a Graafian follicle, enters the Fallopian tube, the cilia on the 
fimbriae of which are the main instruments for the transportation 
It travels along the Fallopian tube, and finally reaches the uterus, 
and again this is accomplished by ciliary action Duung this 
journey, which probably occupies some days, it becomes mature, it 
is fertilised, and some of the early steps in further development may 
also occur 
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The Sex Chromosome —In the majority of animals a sex or T 

SSSTJ; Pr6Sent T C J U ^ Cate (^ozygous) the female, but 
is single or accompanied only by a small Y chromosome (heterozygous'* 

m the male In consequence, the reduction division will result in 
“T the spermatozoa containing a Y chromosome each while the 

fieo™ wfl““ ea ° b “ 1 

a nose ova which are fertihsed with a sperm containing a Y chromo- 
some will develop into males, while those which are fertihsed with 
sperms bearing X chromosomes will develop into females In birds 



*ig d/0 —Diagram showing the stages m the maturation of the ovum i A , 

secondary ooevte, 2a, first polar bod}, 3, mature ovum, 3a, second polar bnriv a ^i° 0Cy S e n 
daughter cells of the first polai body oay ’ 2al > and 2a2 , 


and moths, the reveise mechanism is present, the females b eing 
heterozygous and the males homozygous The theory, which is 
supported by an enormous amount of evidence, postulates that sex 
is definitely determined at fertilisation Kecent work has however 
shown that m rare cases the influence of the sex chromosomes ma y 
be overridden by grafting and the sex reversed even m adult life ^ 
This brings us to the stage m our story when both male and 
female elements aie npe'and ready for union Logically we should 
next study how the union is accomplished But first we must step 
into a bypath, and before leaving the ovary and testis enquire 
whether they have any other functions than those we have already 
discussed ^ 



900 


REPRODUCTION AND DEVELOPMENT 


[CH LX 


Internal Secretions oe Ovary and Testis 

The opeiation of castration, that is, the removal of the essential 
generative organs, naturally leads to a loss of reproductive powei, 
hut it has other effects of a more general kind on the organism, 
which mainly influence what are known as the secondary sexual 
characters Although there may he also skeletal changes this effect 
is believed to be due to the lack of certain internal secietions formed 
by testis and ovary respectively 

Testis 

Some yeais ago Biown-Sdquard, then an old man of seventy-two, 
stated that the subcutaneous injection of testicular extracts into 
himself produced marked rejuvenating effects The supposed tonic 
effects of such injections are regarded with great suspicion, and tem- 
porary benefit, if it does occur, is mainly attributable to suggestion 
The principal evidence upon which the assumption rests that the 
testis forms an internal secretion, is derived from the effects of 
castration, or from cases m which the testes have atrophied or become 
diseased If the operation of castration is performed before puberty, 
the reproductive apparatus which is left (vesiculse semmales and 
prostate, but not the penis) atrophy , the secondary sexual characters 
(growth of hair on the face, deepening of the voice, etc) do not 
develop, the body remains sexually infantile, but never assumes 
female characters The body, however, grows, and m some cases 
there is overgrowth of the skeletal and adipose tissues Advantage 
is taken of this fact eg the castration of cocks to provide table 
birds (capons) In eunuchs the legs often grow unusually long 
In animals there is corroborative evidence of the same nature 
Thus in the cock castration anests the development of the comb and 
spurs , m the stag of the antlers In the eland and m horned cattle 
where both sexes have horns, their giowth is not inhibited by 
castration, though their shape may be affected In Herdwick 
sheep, where the males are horned and the females hornless, the 
presence of the testes is essential, not merely for the initiation but 
also foi the continuance of horn growth Castiation stops further 
horn growth forthwith, and at eveiy stage of development (Marshall ) 
Ligature of the ductus deferens leads to atrophy of the semi- 
niferous tubules, whilst the interstitial cells are not affected, or 
hypertrophy (Stemach), and the secondary sexual chaiacters develop 
as usual It is on this ground that most investigators agree that 
the interstitial cells of the testis are the source of the internal 
secretion These cells have all the appearances of secreting cells 
and their full development coincides with the first appearance of 
spermatogenesis Transplantation of a testis in an abnormal position 
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m the body cavity m a castrated animal is followed by development 
of the secondary sexual characters, it is evident, therefore, that the 
internal secretion acts chemically on the parts concerned and not 
through the intermediation of the nervous system 

The hormone which is now called ovvron has recently been 
obtained m crystalline forms as an oxyketone having the empn ical 
formula C 16 H 26 0 2 , and its strength has been standaidised accordmg 
to its power of promoting comb giowth m castiated fowls 

The Pi ostate — The function of Cowper’s glands and the glands of the prostate 
is probably to add to the semen, and to cleanse the urethra fiom urine prior to 
ejaculation , the first fluid to come out certainly contains no spermatozoa 


Ovary 

Extirpation of the ovaries prevents the onset of pubeity and the 
occurrence of menstruation, but produces no noticeable effects on 
the form and appearance of a woman There may, howevei, be a 
tendency to adiposity Ovanotomy after puberty brings menstiua- 
tiQn to an end, and there may be slight atrophy of the breasts and 
external genital organs The uterus always undergoes atrophic 
changes after ovariotomy In animals the same operation prevents 
the occurrence of the oestral cycle, but the “ periods” continue to 
recui if one of the ovaries is grafted into the abdomen, the uterus 
lemainmg normal and undergoing the usual periodic changes 

Removal of the ovaries or the menopause is m some instances 
associated with general metabolic changes, particularly a liability to 
become fat, but this is by no means a constant feature 

The Corpus Luteum — Special interest attaches to the function 
of the corpus luteum which is formed m the Graafian folhcle after 
ovulation We have already seen that this structure mci eases m 
size if pregnancy ensues The luteal cells are formed from the cells 
of the folhcle It has been generally assumed that the corpus luteum 
forms a hormone or hormones, and there is direct evidence that the 
developmental progress of this structure is correlated with hypertrophic 
changes m the uterus and mammary glands 

Thus m the rabbit, m which ovulation oidmarily occ urs only 
as a consequence of coitus, the growth of the corpora lutea as 
associated with utenne and mammary growth, even if the anim als 
are prevented fiom becoming pregnant by the employment of 
sterilised males (Ancel and Bourn) In such cases the uterine 
mucous membrane undergoes changes (vascularisation and glandular 
development) similar to those occurring m pregnancy, and the 
mammary glands develop to an extent sufficient to admit of secretion 
Such a condition has been called “ pseudo-pregnancy ” It is known 
to occur also in the dog and m the marsupial, Dasymus , m cases 
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where pregnancy does not supervene after ovulation In these 
animals the corpus luteum of pseudo-pregnancy persists for nearly 
as long as that of pregnancy On the other hand, m man, etc , where 
the periods recur frequently, the corpus luteum persists only for a 
short time if pregnancy does not supervene after ovulation 

Moreover, the fact that ovariotomy performed during the first 
part of pregnancy brings that process to an end is further evidence 
that the corpus luteum is partly responsible for the raised nutrition 
of the uterus at this period, and consequently for the fixation and 
retention of the young 

The part played by the corpus luteum m relation to menstruation 
is discussed later 

The corpus luteum is also known to be intimately associated 
with lactation, although the mechanism of this relation is not clear 
In some animals the corpus luteum persists durmg lactation, as 
during pregnancy, and its activity is responsible for the postpone- 
ment of oestrus in the lactatmg animal In man, however, the corpus 
luteum regresses before lactation is over and its function appears to 
be taken over by other organs Lactation, moreover, is not entirely 
dependent on the presence of the corpus luteum for its mainten- 
ance, as is shown by the normal activity of the mammary glands 
after double ovariotomy performed durmg lactation It is probable, 
however, that the corpus luteum is essential for the preparatory 
hypertrophy of the mammae and for the initiation of lactation 
The active principle of the corpus luteum has been called 
progestin and may from what has been said be considered to 
be antagonistic to cestrm (see below) In animals pregnant 01 
injected with extract corpus luteum, oestrin is excreted m the 
urine and this is the basis of the Ascheim-Zondek test for pregnancy 
The urine is injected into immature mice, the ovanes of which m 
a positive case show precocious ovarian activity 

It is certain that the connection between the generative organs 
and mammary glands is not nervous, since the glands can grow and 
secrete milk under conditions which preclude the possibility of such 
a connection, as when the mammary tissue is transplanted to an 
abnormal position 

Relation to the Pituitary Body — It is suspected that the antenoi 
lobe of the pituitary somehow controls the production of corpus 
luteum, since the injection of extracts causes a stimulation of the 
lutem cells and the occurrence of marked luteal formation m the 
ovary, while ovulation does not take place 

The therapeutic use of ovarian extracts appears, from the evidence available, 
to stand m the same uncertain position as that of testicular extracts 

The structure of the mammary glands and the composition of milk have 
already been treated at length m our chapter on Foods (see pp 414-416) 
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The Regulation of the CEstrous Cycle — It has long- been 
known as indicated above that the occurrence of periodic changes m 
the sexual organs of females depends on the presence of the ovaries, 
but of recent years the facts, largely owing to the woik of Mai shall 
and his pupils, have become much clearer 

A hormone known as cestrm (Parkes) has been extracted from 
the ovary which, when injected into ovanotomised animals, produces 
the uterine and vagina] changes characteristic of the oestrous 
period, or “ heat ” That the hormone is not produced by the 
Graafian follicles is shown by the fact that mice contmue to have 
a regular cycle after all the follicles have been extirpated and the 
ovaries completely sterilised by exposure to X-rays The hormone 
must, therefoie, be produced by cells other than those of the follicles 
and corpora lutea, possibly by the so-called “ interstitial cells ” This 
hoimone has been successfully extracted from pig, sheep, horse, 
cow, and human material, has been shown to produce oestrus in 
all the usual laboratory animals, and is excreted m the urine m 
pregnancy (see corpus luteum) 

Menstruation — In the human subject menstruation occurs on 
an average every four weeks The flow lasts for three to five days, 
and the amount of blood lost may be as much as 300 c c After the 
cessation of the flow the mucous membrane repairs itself , this takes 
about a fortnight and then, after a brief period, the preparations foi 
the next period begin again Menstruation is absent durmg pregnancy, 
and, as a rule, also during the subsequent period of lactation It 
occurs m the higher primates only 

The exact relation of menstruation to oestrous is a matter of 
some debate In the lower animals ovulation accompanies the 
oestrous but m man it occurs midway between two menstrual 
periods That menstruation corresponds to the congestive pio- 
oestrous stage is suggested by the fact that m the baboon the 
injection of cestrm will cause menstruation, on the other hand at 
puberty m the baboon ovulation definitely precedes menstruation 
Since the 1 egression of the corpus luteum corresponds in time to 
menstruation the latter may be looked upon as the result of this 
regression, the corpus luteum having been responsible for preparing 
the uterus foi a fertilised ovum which did not appear The unwanted 
endometrium is thrown off This view conveniently explains the 
absence of menstruation m pregnancy and is most piobable A 
difficulty of this view is that cestun will produce menstruation and 
that a non-ovulating baboon without a corpus luteum continues 
to menstruate from a resting endometrium The factor causing the 
breakdown cannot be the regression of the corpus luteum, and 
evidence suggests that the pituitary body is concerned, for it has 
been found that m ovariectomised monkeys cestrm will not cause 
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menstruation There is probably a menstruation causing cycle m 
the interstitial cells as there is m those producing ova 

Fertilisation 

We are now m a position to resume the thread of the history of 
the further development of a new individual The next step is the 
union of the male and female gametes, that is to say, of the 
spermatozoon and the mature ovum 

The act of coitus or copulation is associated m both sexes with 
much psychical excitement, and with the phenomenon of erection 
The spermatozoa are thus deposited at the entrance of the 
uterus, and by means of the flagellar movement of their tails they 
make their way against the stream of ciliary movement into the 
Fallopian tubes, where they are found m a living condition for 
many days It is here that they meet the mature ovum, but 
fertilisation 01 impregnation only requires the entrance of one 
spermatozoon into the ovum The spermatozoon pierces the zona 
pellucida, and the head, neck, and possibly part of the body, entei 
the substance of the ovum, where they undergo transformation, and 
are converted mto a male pronucleus which fuses with the female 
pronucleus to complete the fertilisation of the ovum 

Loeb suggested that the action of the spermatozoon is essentially 
chemical, because m certain animals (for instance sea-urchins) he 
was able to produce artificial parthenogenesis by purely chemical 
methods In his latest work, he placed the ova m dilute acetic 01 
formic acid , by this means, a membrane is formed upon the surface 
of the egg-cell as it is m normal f ertihsation , if the ova aio then 
transferred to concentrated sea water for a short time and then 
placed m ordinary sea water, they segment and produce normal 
larvse He considered that the spermatozoon brings with it enzymes 
or other chemical substances which excite the ovum m the same way 
as the chemical reagents mentioned Such aitificial fertilisation has 
now been carried out m frogs’ eggs 

The changes by which the fertilised ovum is transformed mto 
the young animal may take place either inside or outside the 
body of the parent If they take place inside the parent, as in 
mammals, including the human subject, the ovum is small, and 
the nutriment necessary for its growth and development is denved 
from the surrounding tissues and fluids of the mother If the 
development takes place outside the paient’s body, as m birds 
the egg is larger, it contains a large amount of nutritive matenal 
called the yolk and it may, m addition, be suirounded by sheaths 
of nutritive substance Thus, m the hen’s egg, the yellow pait 
alone is comparable with the mammalian ovum, and the larger part 
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of that is meiely nutritive substance Upon the yolk is a whitish 
speck, the cicatricula, which is a small mass of protoplasm, about 
l of an inch nr diameter In the cicatricula lies the nucleus or 
germinal vesicle, and it is this small mass of protoplasmic substance 
which divides and glows to produce the chick, the yolk and the 
sunoundmg white axe used as food 

Ova such as the hen’s, m which only a small part, the cicatricula, 
divides and grows, aie called meroblastic Small ova, with little food 
yolk, such as the human ovum, divide completely during develop- 
ment, but numerous gradations occui between the two extreme 
types 

The further development of the individual systems of organs by 
which the embryonic rudiments are converted into the more fully 
developed condition m which they are found at birth is a subject 
fully treated m works on anatomy, embryology, and obstetucs, 
and wo shall not go into those matters here The nutrition of 
the embryo and the circulation of its blood are, however, matters 
of physiological moment, so that it will be necessary to refer to 
the origin of the foetal membranes, as it is by their means that 
nutution is carried on 


The Decidua and the Foetal Membranes 

When the uteius is leady for the reception of an embryo it is lined 
by a greatly hypertiophied mucous membrane, this is called the 
decidua, because, after the delivery of the child, a portion of it comes 
away from the uterus with the other membranes 

The ovum has been fertilised m the Fallopian tube, and the 
embryo, by the time it reaches the uterine cavity, has usually 
i cached the stage of a morula or blastula It rapidly eats its way 
into the substance of the decidua which closes over it, obliterating 
the opening through which it passed, and thus the embryo 
becomes embedded m the membrane, which thereupon becomes 
separable into three paits 1 The part between the embryo and the 
muscular wall of the uterus, the decidua basalis or serotma The 
part between the embryo and the uterine cavity, the decidua capsu- 
laris or reflexa 3 The remaining part is called the decidua vera 
Between the decidua capsularis and the decidua basalis lies the 
embryo, which speedily becomes differentiated into the foetus and 
its membranes The outermost of the foetal membranes is the 
chorion , this is covered with vascular villi, which dip into the 
decidua capsularis and basalis Inside the chorion is the amnion, 
a closed sac, which surrounds the embryo and is attached to its 
ventral wall at the umbilicus The amnion is filled with fluid, 
the amniotic fluid m which the foetus floats, and it forms a sheath 

2 F 2 
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for the umbilical cord by which 
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Fig 371 —Diagram representing the relation of 
the developing embryo to the decidua at a very 
early stage 1, TJtenne muscle, 2, epiblast 
of embryo, 8, inner cell mass of embryo, 
4, decidua basalis , 5, decidua capsularis , 
6, decidua vera , 7, cavity of uterus 

As the decidua is merely 
naturally contains glands which 
thickens It was believed, 


aftei a certain time, the foetus is 
attached to the inner surface of 
the chorion, or outei embryonic 
membrane The umbilical cord 
contains not only the blood-vessels 
which pass between a specialised 
portion of the chonon which forms 
the foetal part of the placenta, 
and the foetus, but also the 
remains of the yolk-sac, and 
the duct by which it is con- 
nected with the intestine of the 
foetus 

As the embryo grows the 
decidua capsularis is expanded 
over its surface, and as the 
growth contmues the uterine 
cavity is gradually obliterated 
and the decidua capsularis is 
forced into contact with the 
decidua vera, with which it fuses 
thickened mucous membrane, it 
become enlarged as the decidua 

Allantois 


at one time, that the villi 2 ^ 4 / 

of the chorion entered the 

glands, but this is now , , — 

known to be incorrect The 
villi enter the mtergland- 

ular substance, and, m the 7 Kf f(S®g»rl wr 

human subject, the glands 9 H fiT / 6 

of the decidua capsularis m. J / 5 

eventually disappear en- vV , / JM 7/ T 

tirely In the decidua ~/y J~ z 

basahs and the decidua vera 

the superficial portions of \<^\ s 

the glands also disappear, 11 

then deep portions remain j ffi m/f 

m an almost unchanged f|/ 

condition, and furnish the Fig 872 -Diagram representing a later stage of develop 

epithelium for the recener 8how 5 1:1 *8 871 1 , utearme muscle, 

iur one regener- 2 , villi of chorion of embryo, 3, coelom, 4 . decidua 

ation of the glands and the ’A decidua capsularis, 6, decidua vera, 7, 

lining of the uterine cavity primitive intestine , 11 , yolk sac y 

after parturition The intermediate parts of the glands in the 
decidua vera and the decidua basahs become very much enlarged, 


Fm 872 —Diagram representing a later stage of develop 
ment than that shown in fig 371 1, Uterine muscle, 

2 , villi of chorion of embryo , 3, coelom , 4, decidua 
basalis, 5, decidua capsularis, 6, decidua vera, 7 
cavity of uteruB, 8, bodystalk, 9, ammotic cavity . 10 
primitive intestine , 11, yolk sac * 
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<md foil a a, stratum of the decidua called the spongy layer, and 
ultimately this layei is converted into a series of clefts, and it 
bnth ” ^ 16 me ^ ieae clefts that the decidua is separated at 

In some mammals in winch the connection between the chorion 
and the decidua is less intimate than m the human subject, the 



Kiu — Diagrammatic view of a vortical transverse section of tlie uterus at the seventh or eighth 
week of pregnancy c, c, d, Cavity of uterus, which becomes the cavity of the decidua, opening at 
c, <\ the < tmiua, into the Fallopian tubes, and at c' into the cavity of the cervix, which is closed by 
a plug of mucus , dv, decidua vera , dr, decidua reflexa, with the sparser villi embedded m its 
imbalance, dn, decidua basalis or serotma, involving the more developed chorionic villi of the 
< ommoncing placenta The fu'tus is seen lying m the amniotic sac , passing up from the umbilicus 
is seen the umbilical cord and its vessels passing to their distribution m the villi of the chorion, 
also the pedicle of the yolk sac, which lies in the cavity between the amnion and chorion (Allen 
Thomson,) 

glands persist to a greater or less extent, and seciete a fluid called 
uterine milk, which is absorbed by the chorion 

The portion of the decidua which undergoes the greatest change is 
the decidua basalis In it a number of large blood spaces is formed, 
and those are separated into masses or cotyledons by fibrous strands 
The cotyledons are penetrated by chorionic villi, and it is this con- 
junction of chorionic villi and decidua basalis which produces the 
placenta. The blood-vessels of the chorionic villi are usually formed 
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by the mesodermic covering of the allantois, anothei foetal outgrowth 
Its origin from the hind-gut is shown m fig 372 

The placenta is the organ of foetal nutrition and excietion, and at 
full term it is seven or eight inches across and weighs neaily a pound 
Its blood smuses are filled with maternal blood, which is carried to 
them by the uterine arteries and away from them by the u tonne veins 
Into these blood-filled spaces the vascular foetal villi pioject, hence 

it is easy foi exchanges to 
take place between the 
foetal and the maternal 
blood, though the two 
blood-streams never mix to- 
gether Oxygen and nutri- 
ment pass f 1 om the maternal 
blood through the coverings 
of the foetal vessels into the 
foetal blood, and carbonic 
acid, urea, and other waste 
products pass m the con- 
trary direction The foetal 
blood is carried to the 
placenta by the umbilical 
ai tones, which aie the term- 
inal branches of the aorta 
of the foetus , these pass to 
the placenta by the umbili- 
cal cord, and the blood is 
returned, through the cord, 
by the umbiheal vein. 

The amniotic fluid consists of water containing small quantities 
of protein, urea, and salts It is an exudation from the foetal and 
the maternal blood, and the urea m it comes from tho foetal urine 
which is poured into the amniotic cavity m the later part of 
pregnancy Its function is mainly mechanical, it supports the 
embryo on all sides, and protects it from blows, other injuries to 
the abdomen of the mother, and from sudden irregular contractions 
of the abdominal walls 

Intra-vitam Staining — Some years ago Goldmann of Freiburg 
made observations m winch he injected animals (rats and mice) with 
certain blue solutions of which pyrrhol-blue may be taken as an 
example The animal suffers from no ill effects, the only outward 
change being that a white rat becomes a blue rat When the 
animal is subsequently killed, the stain is found embodied m the 
granules of specific cells throughout the body Although it cir- 
culates in the blood, no blood-corpuscle takes it up, nor has it any 


2 



Fig 874 —Diagram representing a later stage of develop 
ment of membranes and placenta than that shown m 
fig 872 1, uterine muscle, 2 placenta, 8, yolk sac, 

4, fused decidua vera and capsularis , 5, primitive blood 
vessel of embryo , 6, amniotic cavity (outer surface of 
amnion is fused with inner surface of chorion) , 7, urn 
bilical cord , 8, foetal villus m placenta 
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effect on the vascular lining In the skm it is found in the fixed 
connective-tissue cells, but chiefly m free phagocytic cells m the 
lower layers of the cutis and subcutis But these migratory cells 
appear also in every internal organ (except the nervous system), 
and always in connection with interstitial fibious tissue, they 
occur m muscles, glands, tendons, and especially m serous membranes. 
On account of their affinity for pyrrhol-blue they were originally 
termed pyrrhol cells, and it seems probable that they originate m 
the reticulo-endothelial system 

By means of such mtra-vitam stams one can further differentiate 
the Kupffer-cell of the liver, the tJ reticulum cell of lymph glands and 
spleen, the interstitial cell of the testis, the follicular cell m the 
maturing follicles of the ovary, the cortical cells of the suprarenal, the 
epithelial covering of the choroid plexuses, and the cells which lme the 
convoluted tubules of the kidney, all of which take up the blue stain 

When pregnancy occurs m the stained animal, the appearance 
and behaviour of the placenta are most striking , the blue colour 
disappears from the skm and is concentrated m the uterus, and 
m time the lattei, forming a centre of attraction for the dye, 
ultimately dispossesses all the remaining tissues of their blue In 
the uterus it is m the free cells of the decidua basalis that the stain 
is mainly found In quite early stages the stained cells penetrate 
mto the primitive placenta and cast off their stained granules, 
which are snatched up by foetal cells m the way nutritive material 
is But when once the placenta has attained maturity, the dye 
is found only m the foetal cells which form the layer which separates 
the maternal and foetal tissues The foetus itself remains perfectly 
colouiless, the stain not being able to penetrate this protective 
hairier Further lesearch has shown another important point, 
for the same cells which vigorously absorb the stain store als6 
glycogen, fat, and haemoglobin temporarily before these substances 
pass into the foetal circulation The avidity of such cells for the 
dye is thus connected with their functional activity m relation to 
really nutritive matenal, the importance of vital staining in 
embryological research is therefore apparent 

Equally impoitant are its applications to pathological research, 
but this aspect of the question is beyond our purpose 


The Transference of Materials through the Placenta 

Gases such as oxygen and carbon-dioxide and essential sub- 
stances, glucose and ammo-acids pass through the placenta by 
diffusion There is no evidence that glycogen is stored m the 
placenta Fat is probably synthesised from glucose and proteins 
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from ammo-acids Diugs pass through and some, such as morphia, 
may affect the foetus more than the mother This is one of the 
difficulties m the use of “ twilight sleep ” at laboui The foetus has 
the power of abstracting certain salts from the mother, whose 
caleium, for example, may become so depleted that her bones 
become soft, but little is known of the mechanism concerned The 
sex hormones appear to become stored m the placenta 


The Fcetal Circulation 

We shall not enter into the complex manner in which the heart 
and blood-vessels of the foetus develop from the embryonic rudiments , 
but when these are fully formed the circulation of the blood is found 
to differ considerably from that which occurs after birth It will 
be convenient to begin its description by tracing the course of the 
blood, which, after being carried to the placenta by the two umbilical 
arteries, has returned, oxygenated and replenished, to the foetus by 
the umbilical vem 

It is at first conveyed to the under surface of the liver, and there 
the stream is divided — a part of the blood passing straight on to the 
inferior vena cava, through a venous canal called the ductus venosus, 
while the remainder passes into the portal vein, and reaches the 
inferior vena cava after circulating through the liver Whether, 
however, by the direct route through the ductus venosus or by the 
roundabout way through the liver — all the blood which is returned 
from the placenta by the umbihcal vein reaches the inferior vena cava 
at last, and is carried by it (together with the blood from the lower 
part of the body and lower limbs) to the right auricle of the heart, 
into which cavity is also pouring the blood that has circulated in the 
head and neck and arms, and has been brought to the auricle by the 
superior vena cava It might be naturally expected that the two 
streams of blood would be mingled in the right auricle, but such is not 
the case, or only to a slight extent The blood from the superior vena 
cava— the less oxygenated fluid of the two— passes almost exclusively 
into the right ventricle, through the aunculo-ventncular opening, ■just 
as it does m the adult , while the blood of the inferior vena cava is 
(hrected by the fold of the lining membrane of the heart, called the 
Eustachian valve, through the foramen ovale into the left auricle 
whence it passes into the left ventricle, out of this into the aorta! 

t0 a l tbe bod ^ but chiefly the head and neck The 
blood of the superior vena cava, which, as befoie said, passes into the 
right ventricle, is sent out from there m small amount through the 
pulmonary artery to the lungs, and thence to the left auricle by the 
pulmonary veins, as m the adult The greater part, however, ^oes 
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not go to 
artei iosus, 
the ongm 
the body, 


kadm^fm^flf St ? ad ’ PaSS6S through a canal > the ductus 

of h AlT the P ulmon f r y artery into the aorta just below 
f 1 ? , thiee gr ® at vesae l s which supply the upper parts of 
and there meeting that part of the blood of the inferior 



Fio 875 —Diagram of tlie foetal circulation 


vena cava which has not gone unto these large vessels, it is distributed 
with it to the trunk and other parts — a portion passing out by way 
of the two umbilical artei les to the placenta From the placenta it 
is leturned by the umbilical mm to the under surface of the liver, from 
which the circulation started. 
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Parturition 

During pregnancy the uterus and its contents increase in, size, 
and we have already alluded to the changes m its mucous mernbiane 
or decidua, and the formation of the placenta , the principal factoi 
m the distension of the uterus is the accumulation of the amniotic 
fluid The muscular wall of the uterus also hypertrophies , this is 
m part due to the formation of new muscle-fibres, and m part of the 
increase m size of the pre-existing muscle-fibres The muscular 
wall is one of immense strength 

The foetus “comes to term” m the human subject on the 
tenth menstrual epoch after conception, this averages 280 days 
after the last menstruation Delivery is the lesult of uterine 
contractions or “labour pains”, the liquor amnn is thus forced 
downward and pi esses the membrane formed by the fused amnion 
and chorion through the cervix of the uterus which is gradually 
distended When the distension is sufficient the membrane ruptures, 
and the amniotic fluid escapes The orifice is then fully distended, and 
the foetal head enters the pelvis, the pains become more frequent 
and energetic, and the voluntary muscles of the abdomen aie brought 
into play, so that ultimately the new-born child is expelled to the 
exterior The process usually lasts some hours, but the time is much 
prolonged (ten, twenty, or even more hours) m the birth of a first 
child The child is still connected with the placenta by the umbilical 
cord, which is about 20 inches long, and thus connection should not 
be severed for a few minutes m order that as much blood as possible 
may be aspirated from the foetal part of the placenta into the child 
as breathing commences 

After the child is expelled, the contractions of the uterine walls 
recommence after a lapse of twenty to thirty minutes, and the 
placenta is separated and forced out The separation extends 
through the decidua along the line of the stratum spongiosum, and 
the fused chorion, amnion and decidua turned inside out, follow the 
placenta to which they are attached, constituting, with the placenta 
the after-birth 

After the umbilical cord is tied and separated, the umbilical 
arteries inside the child become filled with blood-clot, and aie 
ultimately conveited into fibrous cords, the so-called obliterated 
hypogastric arteries, at the same time the allantois is also con- 
verted into a fibrous strand, the urachus, which extends from the 
apex of the bladder to the umbilicus 

The haemorrhage from the uterus which accompanies and follows 
the after-birth may be profuse at first, but under normal conditions 
is soon checked by the firm contraction of the uterine walls 
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Although it has been shown that delivery may occur when all nerves 
connecting the uterus with the central nervous system are cut through, the 
contractions of the organ are normally influenced reflexly through the nervous 
system Stimulation of various sensory nerves will produce contractions of the 
pregnant uterus, and premature delivery may occur as the result of mental and 
physical disturbances 

The <h tt mining factor which produces the labour pains at a particular date 
has been much discussed , some think it is maternal m origin, such as a degenera- 
tive condition set up in the placenta or decidua, whereas others consider that 
the initial impulse comes from the foetus, which secretes certain products that 
stimulate uterine contraction 


After delivery, the uterus undergoes reduction m size at a fairly 
rapid 1 ate Plus lms been attributed to fatty degeneration but 
fot tins there is little evidence The theory at present most in 
vogue to explain “involution of the uterus” is that the process is 
ono of autolysis duo to tho action of intracellular digestive enzymes 
While it is occnmng, the urine of the mother contains creatine, a 
substance winch is noimally absent from that excretion It has been 
supposed that this substance ongmates fiom the rapid destruction 
of the ulenne muscle It has, however, been shown that creatine 
oreuiH aftei deliveiy even if the uterus is amputated, so that the 
creatine of the uterine muscle cannot then he the souice of the 
mmary creatine, there is evidence that the creatine is associated m 
some way with tho metabolism of the mammaiy gland 

The at.iophy or involution of the uterus which occuis at the 
menopause appeals also to be produced m the same way, and it has 
been suggested with some leason, that the symptoms exhibited at 
that period of life may he in pait explained as due to the absorption 
of the pioduets of the autolysis of the uterine tissue 
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THE GROWTH AND REPAIR OP THE BODY 

The giowth of the body is dependent on the growth of the individual 
cells of which it is composed and m which the power of giowth 
appeals to be mheient This power of the individual cells to glow, 
which is particularly well seen m embryonic tissues, can be shown 
by keeping the cells undei suitable conditions The medium 
commonly employed is sterilised Emger’s solution or blood plasma 
+ embryo extiact By this means of tissue culture the cells 
of vanous oigans may be kept alive for an indefinite numbei of 
yeais The cells, however, grow into a mass, and are liable to die 
after a few days In order to continue the growth of the cells it is 
necessary to transplant small pieces of the culture to a new medium 
from time to time 

Local Growth — Normally m the body, the cells not only glow 
but appear to be influenced by the cells m their vicinity The exact 
mechanism which prevents the diffeient varieties of cells from 
invading each other is not known, and this is a fundamental difficulty 
m the undei standing of cancer, the great characteristic of which is 
such invasion 

The phenomenon of general body growth is exhibited m all 
young mammals for a limited period which, m man, lasts until the 
twentieth or twenty-fifth year At the end of this period the bones 
leach then normal maximum size, and the individual may be 
considered to have reached adult life Thereafter, however, the 
powei of giowth is not lost, but continues to be exhibited by 
tissues especially if they aie injured or if there is an increased 
demand for their activity Thus, for example, a broken bone will 
repair itself, disease m one kidney will result m an enlargement of 
the other, or the muscles may still grow m accordance with require- 
ments Normally, it appears that every tissue of the body is 
constantly being renewed We are all familiar with the continuous 
giowth of the hair and the nails 

The continuance of the power of repair is of the utmost importance 
to the individual, since its cessation marks the onset of senility and 
lessened power to resist disease or recover from injury 

917 
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The growth of the body as a whole is determined laigely by 
heredity, but it is now realised that various factors play a considerable 
pait Of these the most important is the diet 

Diet m Relation to Growth — In order that an animal should grow 
it is essential that it should be supplied with adequate food, not 
only to supply its immediate needs m legal d to tissue repan and 
energy exchanges, but m addition that it should have sufficient to 
provide for the building up of new tissue Thus a growing boy may 
require as much food as a man In relation to Protein Metabolism 
we have already seen that certain amino-acids are more essential 
than others in the synthesis of tissues It has been shown, foi 
example, that a diet lacking m lysm and tiyptophan, although it 
will maintain life, is insufficient for growth In addition, ceitam 
vital elements, which we designate vitamins, and which can only 
be obtamed from natural foodstuffs, must be supplied if body growth 
and its mamtenance are to be normal Specially concerned m growth 
is the fat-soluble vitamin A ° 

Certain ductless glands also play an important pait m growth 
The thyroid, we have seen, is specially concerned m the metabolic 
rate and metamorphosis of cells The anterior lobe of the pituitary 
is also mtimately concerned with growth, especially that of the 
skeleton, and if ovei -active may lead to gigantism 

The Skeleton 

This is the framewoik on winch the soft paits are built It 
consists of the bones and cartilages which aie bound togethei by 
ligaments of fibrous tissues 


Cartilage 

Serving a similar supporting function in the body as bone 
cartilage is popularly known as gnstle 

In some regions, as at the ends of bones, the cartilage is hyaline 
and has a simple structure (fig 376) Ho blood-vessels penetrate 
the matrix, through which lymph simply soaks to reach the cartilage 
cells ihis relatively poor nutrition furnishes a possible reason why 
hyaline cartilage in many situations (costal, laryngeal, tracheal) shows 
a tendency to become calcified late in life 

„ nSf \ 0lb ? g ’ tte ground-substance' of cartilage yields a material 
called chondnn This resembles gelatin very closely, and the 
differences in its reactions are due to the fact that chondnn 

substances 8, miXtUr6 ° f gelatm Wlth va *ymg amounts of mucoid 

t0mS ““ I,b “ Itllage8 “ i 
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In some legions where toughness is lequned, as m the semilunar 
cartilages of the knee-joint 01 the intervertebral discs, the cartilage 
cells lie m a dense fibious matiix This variety is known as white 
fibre-cartilage 

In others where flexibility is desirable, elastic fibres are scattered 
between the cells Such yellow 01 elastic fibro-cartilage is found 
m the pinna of the external ear and the epiglottis 


/ \ 



Fig 876 —Section of articular cartilage a, Group of two cells , 5, group of four cells , d, protoplasm 
of coll with e, fatty granules , c, nucleus (After Schafer ) 


Development of Cartilage — Like other connective tissues, car- 
tilage originates fiom mesoderm, the cells are unbranched, and the 
disposition of the cells m fully formed cartilage m groups of two, 
four, etc , is due to the fact that each group has originated from the 
division of a single cell, first into two, each of these again into two, 
and so on This process of cell division is accompanied with the 
usual karyokmetic changes 

Each cell deposits on its exterior a sheath or capsule , on division 
each of the daughter-cells deposits a new capsule within this, and 
the process may be repeated 


Bone 

Bone is composed of oigame and inorganic constituents which 
aie so intimately blended and mcorporated the one with the other, 
that it is only by severe measures, as for instance by a white heat m 
one case and by the action of concentrated acids in the other, that 
they can be separated Their close union, too, is further shown by 
the fact that when by acids the inorganic matter is dissolved out, or 
on the other hand when the organic part is burnt out, the shape of the 
bone is alike pieserved 

The proportion of organic matter is greater m the bones of 
infants than m those of adults 

To the naked eye there appear two kinds of structure m different 
bones, and m different parts of the same bone, namely, the dense or 
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compact, and the spongy or cancellous tissue Thus, m making a 
longitudinal section of a long bone, as the humerus or femur, the 
articular extremities are found capped on their surface by a thin 
shell of compact bone, while their interior is made up of the spongy 
or cancellous tissue The shaft , on the other hand, is formed almost 
entirely of a thick layer of the compact bone, and this surrounds a 
central canal, the medullary cavity — so called from its containing the 
medulla or marrow 

In the flat bones, as the parietal bone or the scapula, the can- 
cellous structure (diploe) hes between two layers of the compact 
tissue, and m the short and irregular bones, as those of the wrist 
and foot, the cancellous tissue fills the interior, while a thin shell 
of compact bone forms the outside 

Marrow — There are two distmct varieties of marrow — the red 
and the yellow 

Red marrow is the connective tissue which occupies the spaces m 
the cancellous tissue , it is highly vascular, and thus maintains the 
nutrition of the spongy bone, the mterstices of which it fills It 
contams a few fat-cells and a laige number of marrow-cells The 
marrow-cells are amoeboid, and resemble large leucocytes, the 
granules of some of these cells stain readily with acid and neutral 
dyes, but a considerable number have coarse granules which stain 
readily with basic dyes such as methylene blue Among the cells 
are some smaller nucleated cells of the same tint as coloured blood- 
corpuscles These aie termed eryth oblasts From them the coloured 
corpuscles of the blood are developed There are also a few large 
cells with many nuclei, termed giant-cells or myeloplaxes 

Yellow marrow fills the medullary cavity of long bones, and con- 
sists chiefly of fat-cells with numerous blood-vessels, many of its 
cells also are the colourless marrow-cells just mentioned 

Periosteum — The surfaces of bones, except the part covered 
with articular cartilage, are clothed by a tough, fibrous membrane, 
the periosteum 


Histology of Bone 

Examined with a rather high power, bone substance is found to 
contam a multitude of small irregular spaces, approximately fusi- 
form in shape, called lacunae, with very mmute canals or canahcuh 
leading from them, and anastomosing with similar little prolonga- 
tions from other lacunae (fig 377) In life the lacuna and canahcuh 
are occupied by bone-cells which are essentially connective-tissue 
cells , these form the organic matrix of the bone m which calcium 
becomes deposited The nutrient lymph passes from place to place 
by way of the canahcuh In very than layers of bone, as m cancellous 
bone, only lacunae may be visible , but on making a transverse section 
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of the compact tissue as of a long bone, e g the humerus or ulna, the 
arrangement shown m fig 377 can be seen 

The bone is mapped out into small circular districts, at or about 
the centre of each of which is a hole, around which is an appearance 
as of concentric layeis, the lacunae and canahcuh follow the same 
concentric plan of distribution around the small hole in the centre, 
with which indeed they communicate 

On making a longitudinal section, the central holes are found to 
be simply the cut extremities of small canals which run lengthwise 
through the bone, anastomosing with each other by lateral branches 
(fig 378), these Haversian canals are occupied by blood-vessels and 
nerves 



l^xo 377 —Transverse section of compact bony tissue (of humerus) Three of the Haversian canals are 
seen, with their concontrlc rings , also tho lacunae, with the canaliculi extending from them across 
the direction of the lamellae The Haversian apertures were filled with air and debris m grinding 
down the section, and therefore appear black m the figure, which represents the object as viewed 

^ ii The Haversian systems are so closely packed m this section, that scarcely 

t - ' visible x 150 (Sharpey ) 


LameUse and Fibres of Compact Bone — In the shaft of a long 
bone three distinct sets of lamellae can be clearly recognised 

1 Circumfei entvxl lamellae, these are concentucally arranged 
just beneath the periosteum, and round the medullary cavity 

2 Haversian lamellae, these are concentrically arranged round 
the Haversian canals to the number of six to eighteen round each 

3 Interstitial lamellce, these connect the systems of Haversian 
lamella, filling the spaces between them , they consequently attain 
their greatest development where the Haversian systems are few, and 
vice vena 
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Development of Bone 

Fioin the point of view of their development, bones may be 
subdivided into two classes J 

(a) Those which «ue ossified directly in the embryonic connective 
tissue eg , the bones framing the vault of the skull, parietal, frontal, 
and a certain poition of the occipital bone 

(b) Those whose foim, previous to ossification, is laid down m 
hyaline cartilage— c g , humeius, femur 

fn both cases, bone is produced by bone-formative cells called 



Fj<j JiNO - Pirlr'Ll« f vi i h * < ' < (,) e t" t ' i 'f foatalcat sp, Bony spicules with 

riM^f i« t i 1 " i r , of, osteogenetic fibres prolonging 

thf* H|>U ul< it vrV uhfoiahii^ \» 1 « nrr i t jhem (Schafer) 


osteoblasts hi the* fh Hi mode of development the osteoblasts lay 
down bone dneetly, without any intermediary stage (ossification 
in membrane), while m the second the future bone is first modelled 
m cartilage upon which, after it has undergone certain changes, 
the osteoblasts proceed to lay down bone as round a scaffolding 
(ossification m curtilage) 

Ossification in Membrane — Where hone formation is about to 
occur the embryonic branched mucoid cells first multiply actively, 
become larger and apparently more crowded together and their 
processes disappear or at any rate become less obvious as the cell 
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bodies become more rounded The vascularity of the area increases 
At what is termed the primary centre of ossification, corresponding 

usually to the centre of the future 
bone, the altered cells, which may 
now be called osteoilasts , proceed 
to lay down bone between and 
round themselves m the ground- 
substance Radiating spicules 
of bone grow out from the original 
centre, each covered by a layei 
of osteoblasts which produce 
lengthening and thickening of the 
spicule Some of the osteoblasts 
become buried m the bony tissue 
they form round themselves, be- 
coming then bone corpuscles each 
m a little lacuna Where active 
extension of a spicule is occurring, 
it is often seen to be capped 
by a tuft of fibres on which 
the advance guard of osteoblasts 
is arranged Such is called an 
osteogenic tuft Calcification occur- 
ring between the fibres under the 
influence of the osteoblasts, the 
fibres and the cells gradually 
become embedded within the 
advancing bone The spicules or 
trabeculae of bone branch and 
anastomose with one another so 
that a meshwork of bone is 
formed In certain situations 
where bony strands are being 
thickened, a regular row of 
osteoblasts is formed on their 
surface In other positions a 
sculpturing process is at work, 
the newly-formed bone being de- 
molished by large multmucleated 
bone - destroying cells called 
osteoclasts This continuous re- 
modelling goes on to accommo- 

layer was formed The rows of cartilage cells' developing bone to the 

££ owt t ^ anges around xt As 

begm at the tip (After Dixev^ the skull cavity, for example, 



Fig SSI —Section of two foetal phalanges, the caxti 
lage cells in the centre of B are enlarged and 
separated from one another by calcified matrix 
ym, Layer of hone deposited under the pen os 
teum, o, layer of osteoblasts by which this 
layer was formed The 3- “ -- 

nde oft 

sxminal phi 

3 tip (After Dixey) 
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enlaiges, the cuived bones m the vault have fresh matenal added to 
their convex surfaces by osteoblastic action coupled with absorption 
of bone on their concave surfaces by osteoclastic activity Eound 
each individual bone the connective tissue condenses to form a 
fibrous sheath, the periosteum, beneath which are airanged the osteo- 
blasts on those surfaces where further bone growth is taking place 
The trabeculae towards the surface become altered to compact bone 
with typical Haversian systems, while m the interior the trabecular 
arrangement is letained to form the cancellous bone containing spaces 
filled with red marrow 

Ossification in Cartilage — This process is typically seen m the 
development of one of the long bones of the limbs Here the future 
bone is first modelled m hyaline cartilage, but it must be remembered 
that this foetal cartilaginous bone is many times smaller than even 
the medullary cavity of the shaft of the mature bone, and, therefore, 
that not a trace of the ongmal cartilage can be present m the bone 
of the adult Its purpose is indeed purely temporary , and, after its 
calcification, it is gradually and entirely absorbed This cartilaginous 
model is at first completely sheathed in a condensation of the mucoid 
tissue termed the perichondrium Over the articular ends of the 
bone this disappears later 

The process of ossification may be most conveniently described as 
occurring in three principal stages 

The jfo st stage consists of two sets of changes, one m the carti- 
lage, the othei under the perichondrium These take place side 
by side In the cartilage the cells m the middle * become enlarged 
and separated fiom one another They become arranged m rows 
m the direction of the extremities of the cartilaginous rod The 
cartilage-cells degenerate and the thinned walls between the enlarged 
spaces undergo a calcareous change Simultaneously with this, a 
row of osteoblasts appears beneath the perichondrium lound the 
centre of the shaft and these proceed to form layer after layer 
of bone on the surface of the cartilage The osteoblastic layer 
gradually advances towards the ends of the cartilage and by it the 
layer of bone around the middle of the shaft is extended As the 
layers are formed, some of the osteoblasts get walled m between the 
layers and become bone-cells 

We may roughly compare the two sets of cells engaged in the 
process to two races of settlers m a new country The cartilage-cells 
constitute one lace, and so successfully build for themselves calcareous 
homes as to be completely boxed up , so they waste and disappear, 
leaving only the walls of their homes The osteoblasts, the other 
lace of cells under the perichondrium, are forming layers of true 

* This is the case m nearly all the long bones, but m the terminal phalanges 
the change occurs first, not m the middle but at their distal extremities 
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bone m that situation Some, it is true, get wallecl-m m the process, 
and become bone-corpuscles, but the system of intercommunicating 
lacunae and canaliculi maintains their nutrition 

These two races are working side by side, and at first do not 
interfere with each other But soon comes a declaration of war, 
and we enter upon the second stage of ossification, which is very 
appropriately called the stage of irruption (fig 382) Breaches occur 



Pig 882 —Ossification m cartilage showing stage of irruption The shrunken cartilage cells 
in the primary axed® At ^r an irruption of the subperiosteal tissue has penetrated 
periosteal bony crust (After Schafer ) 


are seen 
the sub 


in the bony wall which the osteoblasts have built like a girdle round 
the calcifying cartilage; and through these the osteogenic tissue is 
poured into the calcified cartilage This consists of osteoblasts, 
osteoclasts, and a store of nutrient supply in the shape of blood- 
vessels 

Having got inside, the osteoclasts set to work to demolish the 
calcified homes of the cartilage-cells, and thus large spaces are 
formed On the rums of the calcified cartilage, the osteoblasts 
proceed to deposit true bone in layers, just as they were wont to do 
in their own country, under the periosteum 
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The third stage is the extension of the process of ossification thus 
initiated towards the extremities of the cartilage The cartilage- 
cells enlarge, form longitudinal rows, widen their spaces, and finally 
degenerate Calcification occuis m the remnants of cartilaginous 
matrix, and on this scaffolding the osteogenic tissue extends the 
area of true bone, with ultimately the complete disappearance of 
the calcified cartilage The first-formed bone within the shaft and 
the deeper layers of subperiosteal bone are absorbed by osteoclasts 
so that a medullary cavity is established, which continues to enlarge 
m all dnections 

The bone which is first formed is less regularly lamellar than that 
of the adult The lamellae are not deposited till after birth and 
their formation is preceded by a considerable amount of absorption 
To carry our simile further, the osteoblasts are not satisfied with the 
rough constructions that they were first able to make, but having 
exterminated the cartilage, they destroy (again through the agency 
of the giant osteoclasts) their first work, and build regular lamellae, 
leaving lacunae for the accommodation of those who desire to retire 
from active warfare 

After a time the cartilage at the ends of the shaft begins to ossify 
independently to form the epiphyses Between each epiphysis and 
the shaft a plate of actively-growing caitilage persists for a time 
{epiphyseal plate) But this plate does not become thicker, as 
ossification attacks it on both sides Thus the bone grows in length, 
until towards adult life the cartilaginous plate ceases to grow and 
becomes obliterated by bony fusion between shaft and epiphysis 

At the same time bone grows m width by the deposition of 
layers under the periosteum, like successive rings formed under the 
bark of a growing tree The inner layers become absorbed, however, 
to provide for expansion of the medullary cavity 

It must be remembered that even after growth in all directions is 
fully established, bone remains a living tissue containing living bone- 
corpuscles If need arises, as m the repan of fractures, or m structural 
alterations of the bones called forth to resist new strains and stresses, 
the bone-corpuscles can resume their original osteoblastic and 
osteoclastic activities 


Chemistry of Bone 

Of the dry weight of adult bone fieed from fat, two- thirds 
consist of inorganic matter, the remainder being mainly the protein 
collagen (which gives gelatin on boiling with water) and mucoids 
Analyses of bones of a large vanety of animals agree m assigning 
about 90 pei cent of the total inorganic matter of bone to calcium 
phosphate, the majority of the remaining 10 per cent being calcium 
carbonate with a little magnesium phosphate The calcium phosphate 
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appears to be present mainly m the form of the veiy insoluble 
tertiary salt; Ca 3 (P0 4 ) 2 , though Bassett believes that a somewhat 
more basic salt, [Ca 3 (P0 4 ) 2 ] 3 Ca(OH) 2 , is the main constituent The 
bony structure of the adult is not absolutely permanent, and m 
whatever form the mam constituent is piesent it is to be realised 
that this apparently quite insoluble skeleton is really m equilibrium 
with the blood, and under vanous pathological conditions (some of 
which are controllable) may suffer absorption or overgrowth 

Chemistry of Ossification 

Por noimal ossification to take place it is necessary that there 
should be present not only the general requirements fqr growth, but 
also an adequate amount of calcium and phosphorus, together 
with sunlight and vitamin D Also smce calcium and phosphorus 
are absoibed into the blood m solution, there must be present some 
mechanism by which these substances become deposited wheie they 
are required The chemical reactions which are believed to take 
place are as follows — 

If a solution is saturated with a very shghtly soluble sohd such 
as calcium phosphate Ca 3 (P0 4 ) 2 , any addition to the dissolved 
Ca ++ or PO/' will lead, by laws of mass action, to a precipitation 
of the solid It is known that the concentrations of calcium and 
phosphate 10 ns m blood plasma are such that at the pR of plasma 
these concentrations are very near the limit of saturation of that 
fluid with tertiary calcium phosphate In fact, Holt, La Mer, and 
Chown have stated that blood is 200 per cent supersaturated with 
calcium phosphate It is clear that conditions would be very 
favourable for the local deposition of tertiary calcium phosphate if 
the concentrations of Ca ++ or P0 4 w could be increased at the site 
wheie deposition was necessaiy A mechanism which appeals to 
ensuie that these favourable conditions actually occur m growing 
bone has been demonstrated by Bobison and his collaborators 
Experimental evidence of a veiy convincing kind has shown that 
an enzyme, a phosphoric esterase, is piesent m ossifying cartilage, 
mainly m the zone of hypertrophic cartilage cells and also beneath 
the periosteum m young bone (le m the zone m which calcium 
salts are being actively deposited) It is also present to a lesser 
extent m adult bone This enzyme will convert soluble calcium 
salts of phosphoric esters into insoluble calcium phosphate m vitro , 
and Kay and Eobison have shown that it will hydrolyse a portion 
of the phosphonc esters normally occurring m circulating blood. 
This hydrolysis, if it takes place in the locahty in which the enzyme 
is known to occur, will clearly lead to a local increase m inorganic 
phosphate concentration, le to the conditions just mentioned as 
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being very favouiable foi the local deposition of tertiary calcium 
phosphate 

The following observations increase the likelihood that this 
enzyme plays an essential part m the chain of processes leadmg to 
bone foimation — 

1 If a very young bone taken fleshly from an animal is split 
lengthways and immersed m a very dilute solution of calcium 
glyceiophosphate or calcium hexosemonophosphate m saline, calcium 
phosphate is deposited m the neighbourhood of the osteoblasts and 
hypei trophic cartilage cells This can be demonstiated histologically, 
and is particularly clearly seen m rachitic bones 

2 The enzyme is also present m teeth, particularly m growing 
teeth 

3 The enzyme is not found m such cartilage as does not normally 
ossify, such as that of the trachea 

4 In embryonic cartilage m the chick, or m the cartilage of the 
human patella which only begms to ossify some thiee or four years 
after birth, the appearance of the enzyme and the commencement of 
ossification are simultaneous 

5 It has recently been shown by Kay that m certain diseases 
(osteitis deformans and osteitis fibrosa) where there is profound 
disorganisation of the bones, relatively large amounts (up to twenty 
oi moie times the normal) of the phosphoric esterase occur m the 
plasma In the normal individual and m most diseased conditions 
the amount of phosphatase m the plasma is small Lesions of the 
bone involving a large part of the skeleton are thus associated with 
a faulty or abnormal distribution of the enzyme 

Death 

We have now completed the task we set ourselves, and having 
arrived at the new-born child have reached the point m the life 
cycle from which we set out The bearers and transmitters of the 
germ-plasm, its hosts, the parents, pass away in due course, making 
room for their successors who live, repeat the process, and likewise 
die m their turn 

It is not altogether inappropriate to conclude a book which deals 
with life, by a few sentences on Death, which forms the final chapter 
for each individual As the prime of life is past, signs of old age 
begin to appeal — the eyes become feeble, the hair becomes grey, the 
cartilages calcify, the muscles become weaker, digestion gets feebler, 
and metabolism m every way more and more impeifect If this 
continues, life is ultimately terminated by natural death, in which 
the functions get weaker and weaker and finally cease Death from 
old a°*e is, however, comparatively rare , the common cause of death is 
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accident, in which, term we include disease In the activity of youth 
many a disease is vanquished, but as the powers of resistance 
diminish with increasing years, some ailment usually upsetting more 
particularly some important organ will ultimately find the body 
unable to lepel its attack 

“ That ends this strange, eventful history ” 

IMPORTANT PHYSIOLOGICAL DATA 

Which Should be Memorised 

Note —As far as possible average figures are given, but it must be understood 
that even normals may vary outside the limits given 

Vascular System 

Heart -rate, resting, 50 to 80 per 
minute 

Heart-output, resting, 4 to 6 litres per 
minute 

Heart-output in exercise, up to 30 litres 
per minute 

Blood pressure, resting— 

Systolic, 105 to 150 mm Hg 
Diastolic, 70 to 90 mm Hg 
Capillary, 5 to 10 mm Hg 
Blood-flow velocity— 
in mam arteries, 1 metre per 
second 

m capillaries, 0 5 mm per second 
Pulse-wave velocity, 6 to 7 metres per 
second , 

Ringer’s solution, NaCl 0 9 per cent , 

KC1 0 042 per cent , CaCb 0 024 
per cent. , NaHC0 3 0 015 per cent 

Respiratory System 

Atmospheric Air Expired Air Alveolar Air 

O, 20 96 per cent O, 16 4 per cent O, 13 to 14 percent 

C0 2 , 0 04 per cent C0 2 , 4 1 per cent C0 2 , 5 to 6 per cent 

Vital capacity, 3000 to 4000 c c Supplemental air, 1500 c c approx 

Tidal air, 400 to 500 c c Complemental air, 1500 c c approx 

Respiratory rate, 9 to 20 per minute Residual air, 1300 c c approx 

Oxygen m arterial blood amount 18 5 c c per cent , tension^ 

80 mm Hg 

Oxygen m venous blood amount 13 5 c c per cent , tension 
50 mm Hg 

Carbon dioxide m arterial blood amount 54 c c per cent , tension 
45 mm Hg * resting 

Carbon dioxide m venous blood amount 58 c c per cent , tension 
58 mm Hg 

Oxygen consumption, 200-400 c c per minute 
Carbon dioxide output, 160-250 c.c per minute 

40 C per sq m per hour 
1 C per kilo per hour 


Basal metabolic rate, resting, 1700 calories per day or 
Total Respiratory Quotient, 0 82 


Blood volume, fa to fa body-weight 

Red corpuscles, 5 to 6 millions per 
c mm 

White corpuscles 5000 to 10,000 , poly- 
morphs, 70 per cent , lymphocytes, 
23 to 25 per cent , large mono- 
nuclear, 1 per cent , eosinophils, 
2 to 3 per cent , basophils, 0 05 
per cent 

Blood pH, 7 4 

Blood sugar, 0 08 to 0 18 gm per 100 
c c 

Blood urea, 30 to 40 mg per 100 c c 

Blood calcium, 10 mg per 100 c c 

Non-protein nitrogen, 30 to 40 mg 
per 100 c c 

Hsemoglobin content, 14 gms per 100 
c c 

Oxygen capacity, 17 to 20 c c per 100 
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Foods 

Calorific values per gramme and respiratory quotients — 


Carbohydrates Fats 

4 1 C 9 3 

RQ 10 07 


Proteins 


4 1m body, 5 6 in calorimeter 
0 8 


Milk 


Cow (Ayrshire) 
Human 

Gastric Contents, etc 


Proteins 

Fats 


3 5 

3 7 

4 

1 7 

3 4 

6 


Carbohydrates 
2 1 very variable 


HC1, not usually above 0 2 per cent 

Inorganic chlorides, not usually above 0 35 per cent 

58 5 

To convert HC1 to chlorides multiply by 

Optimum pH of ptyalm, 6 7 , of pepsin, 1 3 , of trypsm, 8 1 
Fat m dry faeces, 25 per cent 


Urine 

Urea 2 pei cent , daily excretion 30 to 40 grammes) ratlQ a k ou t 50 to 1 

Ammonia, daily excretion 0 3 to 1 2 gramme J 

Creatinine, daily excretion 0 9 gramme 

Chlorides (as NaCl), daily excretion 10 to 16 grammes 

Sulphur (as S0 3 ), daily excretion 2 grammes 

Neutral sulphur, daily excretion 0 18 gramme 

Phosphates, daily excietion 2 to 4 grammes 

Uric acid, daily excretion 0 5 to 0 75 gramme 

Volume, 1500 (approx ), pH 5 to 8 , sp gr 1015 to 1030 

Bye (reduced) 

Distance of nodal point from cornea, 7 3 mm 
Focal length, 15 5 mm 
Length of eye, 22 8 mm 

Muscle and Nerve 

Nerve impulse rate, cold-blooded, 30 metres per second 
Nerve impulse rate, waim-blooded, 120 metres per second 
Refractory period of nerve, 0 015 second , absolute, 0 003 
Refractory period of muscle, 0 005 second 
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Abel s vivi diffusion apparatus, 478 
Aberration, chromatic, 833 
spherical, 832 3 
Abrin, 376 

Absorption, by skin, 697 
in intestines, etc , 4S0 
of food, 475 82 

“Acceptor” of oxidation, 287 
Accommodation of the eye, 823, 827 SO 
defective See Presbyopia 
mechanism of, 828 9 
reaction to, 854 

Acetaldehyde, formation of, 297 
Acetic aldehyde, in formation of fat, 506 
Acetic anhydride, on cholesterol, 307 
Acetone, 298 

for extinction of cholesterol, 300 
in /? oxidation, 516 
in diabetic urine, 574 
m fat metabolism, 515 16 
in ketosis, 517 

in urine, Bothera’s test for, 574 
on lipides, 806 

oxidation product of secondary alcohol, 298 
Acetyl choline, in circulation, 108 
in vasodilatation, 99, 103, 199 
on heart, 108, 194 
on parasympathetic, 102 
Acetyl radical, 804 

Achalasia, definition and causes of, 491 
Achromatopsia (total colour blindness), 840 
Achromic point (starch digestion), 471 
Achroo dextrin, 302 
in digestion of starch, 442 
production of 400 

Ac d (acid 1 -), accumulation of, in oedema, 2-0 
a ammo, Slu 17 

a amino isobutyl acetic See Leucine 
a amino propionic See Aianine 
acetic, decomposition of, 81G 17 
formation of, 298 
from ethyl alcohol, 804 
m oxidation of butyric acid, 515 
on blood corpuscles, 857 
iceto acofcic (diacetic), 51o 
in diabetic urine, 574 
in oxidation of butync acid, 515 
significance of, m urme, 617 
test for, 674 
acrylic, 804 
ammo , 814, 816 19 
absorption by blood, 477 S 
by large intestine, 4S0 
destination of, 617 18 
digestion by bacterial action, 468 
essential, 525 0 
fiom histones, 309 
from protamines, 308 
m blood plasma, S55 
m urine, 576 
on peristalsis, 490 
production in small intestine, 475 
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Acid 

Acid - continued 

ammo acetic See Glycine (glycocoll) 
ammo glutanc See Acid, glutamic 
ammo succmamic See Asparagine 
ammo succinic See Acid, aspartic 
aromatic amino ,817 
aspartic (amino sucemic), 817, 461 
/3 amino propionic, 816 
benzoic, formation of, 61 6 
f3 hydroxy butyric, 515 
m diabetic urine, 574 
in oxidation of butync acid, 515 
significance m ketosis, 517 
bile, 636 

butync, from butyl alcohol, 304 
oxidation of, 515 
caproic, 316 
from hexyl alcohol, 804 
caibolic, on sensation, 780 
carbonic See Carbon dioxide 
cholalic, 536 
cyanic, 51S, 519 
diammo , 818 
from histones, 809 
from protamines, 308 
diammo caproic Ste Lysme 
diammo valeric See Ornithine 
dicarboxylic, 817 
fatty, 804 

bile, a solvent of, 539 
m faeces, 4S2 

fermentation m urine, 572 
formation m gastric juices, 448 
m muscle contraction, 50 1 
m oxidation, 287 
formic, from methyl alcohol, 304 
gastric, colour tests for, 472 
glutamic (amino glutaric), 817, 461 
cleavage product of proteins, 319, 820 
constituent of glutathione, 287 
of trypsin digestion, 461 
glycero phosphoric, from lecithin, 807 
glycocholic of bile, 586 
giycuronic, 535, 574 
guanylic, 811 
gymnemic, on taste, 791 
hippunc, 568 9 
foimation of, 516 
m urine, 548, 562 
homogentisic, m urine, 574 
hydrochloric, in gastric juice, 448, 450 
of stomach, 432 
on ptyalm m stomach, 448 
secretion of, by parietal cells, 44S 
Topfer s test for, 472 
hydroxybutyric, m diabetic urme, 574 
hydroxy propionic, 816 
m diopsy, 220 

imidazole ammo propionic See Histidine 
indole ammo propionic See Tryptophan 
todo acetic, on muscle contraction, 51 
isomeric, definition of, 300 
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Acid 

Acid — continued 
keto , breakdown of, SOT 
in deamination, 518 

lactic, accumulation in stimulated muscle, 61 
colour tests for, 472 
conversion m body, 588 9 
fermentation, 801 
of carbohydrate digestion, 467 S 
from glycogen, 51 
m blood during tetanus, 284-5 
m dropsy, 220 
m exercise, 201, 289 
in severe muscular work, 260 
m souring milk, 418 
in sweat, 600 
in, urine, 52 
on capillaries, 179, 201 
on respiratory centre, 265 
production of, with. Og debt, 52, 289 
test for indigestion, 472 
metbyl guanidic acetic See Creatine 
mono ammo, 818 
mucic, from galactose, 800 
nucleic, 298, 520 1 
of nucleo proteins, 811 
oleic, from lecithin, 807, 379, 514 
of medullary sheath, 79 
radical, of phosphates, 79 
on amoeboid movement, 10 
on capillaries, 179 
on casemogen 412 
on gastric secretion, 452 
on peristalsis, 490 
on proteins, 818 
on ptyalin action, 448 
on respiration, 241 
after section of vagi, 269 
organic, of gastric juice, 450 
osmic, staining m nerve degeneration, 79 
reaction for phosphatides, 307 
with acrylic acids, 804 
palmitic, formula, 804, 805 
phenacetunc, formation of, 516 
phenyl acetic, formation of, 517 
phosphates, m rigor mortis, 54 
phosphoric, from nucleic acid, 811 
from phospho proteins, 810 
in lecithin, 514 
in urine, 571 

of nucleo protein metabolism, 521 
picramic, 800 
picric, glucose on, 800 
propionic, decomposition of, 816 
from propyl alcohol, 804 
m /5 oxidation, 516 
pyruvic, 506 

saccharic, from glucose, 800 
sarcolactic, in muscle contraction, 51 
m fatigue, 87 
m rigor mortis, 54 
of muscle tissue, 55 
stearic, formula, 804 
m lecithin, 514 

sulphuric, on cholesterol crystals, 806, 307 
taurocholic, of bile, 586 
uric, 567 8 

deposit of, m urine, 572 
excretion of, 568 
formation of, 522, 568 

— £r' u ‘ s" I OP 

1^ l ' > 
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ofpunne metabolism, 522 
valeric, 316 
formula, 318 
from amyl alcohol, 804 


Am 

Acidsemia (acidosis), 588 9 
m diabetes mellitus, 518 
m kidney disease, 565 
on ammonia urea ratio, 665 
Acid base equilibrium, 585 90 
maintenance of, m exercise, 289 
Acidity, gastric, limitation of, 455 6 
Acrolein, 804 
Acromegaly, 875 
Acrosome, 890 

Adamkiewicz reaction for proteins, 313 
for tryptophane, 817 

Addison s disease and functions of suprarenals, 
869 70 

Adenase, 521 
Adenine, formula of, 521 
from nucleic acid, 811 
Adipose tissue, fat m, 808-4 
Adiposity, and adrenaline, 875 
Adrenal capsules See Suprarenals 
Adrenaline, 870 et seq 
compared with pituitrm, 876 
effects of, 870 et seq 
on alimentary canal, 499 
on asthma, 871 

on blood sugar, 509, 511, 512, 871 
on bronchioles, 281, 871 
on cardio accelerator fibres, 187 
on cerebral circulation, 207 
on coronary circulation, 206 
on excised heart, 154 
on glucose, 609, 871 
on heart rate, 154, 194 
on limb volume, 198 
on metabolism, 871 
on pupil, 886 
on salivary secretion, 440 
on sympathetic, 101, 102 
on vagus section, 269 
on voluntary muscle, 871 
on white blood corpuscles, 862 
relation to protein metabolism, 523 
secretion of, in asphyxia, 283 
during severe exercise, 202 
source of, 187, 870 et seq 
Adsorption, 886 7 
definition of, 832 8, note, 833 
Aerobic organisms, 838 9 
iEsthesiometers, 787 
After images, 849 

After loading in muscle contraction, 81, 42 
Age, efiect on heart rate, 144 
Agents, staining, use of, 8 
Agglutinins, 878 
Agraphia, 777 

Air, alveolar, composition of, 288 
collection of, 240 1 
COg pressure In, 264 
0 2 pressure during rest and work, 261 
atmospheric, composition of, 240 
bronchial, composition of, 288 
comparison of atmospheric, alveolar and ox 
pired, 240 
complemental, 288 
expired, composition of, 288, 248 
collection of, 2-11 2 
measurement of, 286 
hunger, m haemorrhage, 205 
inspired, measurement of, 286 
pocket m stomach, 492 
quantities breathed, 287-40 
reserve (supplemental), 23S 
residual, 288 
measurement of, 289 
respiratory, quality of, 240 
tidal, definition and measurement of, 288 
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Al ANINL 

Alamne (a amino propionic acid), 316 
in blood during protein digestion, 478 
of trypsin digestion, 461 
Alanyl leucine, 820 
Alanyl leucyl tryosme, £20 
Albumins, the, 309 

action on, of alcohol, ammonium sulphate, 
caustic potash, copper sulphate, heat, nitric 
acid, 815 

coagulation of, by heat, 812 
denaturation of, 314 
divisibility of, 815 
egg , 416 

cleavage products of, 319 
crystallisation of, 814 
heat produced in oxidation of, SS4 
in sweat, COO 
m urine, 573 
of colostrum, 412 
of milk, 412 
of muscle plasma, 56 
precipitability of, 854 
serum , cleavage products of, 319 
source of, and description, 309 
Albuminoids See Sclero piotems 
Albumoses, the, 314 
Alcohol, absorption of, m stomach, 476 
allyl, 304 

consumption of, on digestion, 419 
kexahydric, 304 
monohydric, 304 
on dextrms, 808 
on fats, 804 

on gastric secretion, 453 
on glycogen, 803 
on skin vessels, 180 
primary propyl, formula, 303 
primary, 297 b 

protein p < c ip ^at oy, 318 14 
terpeno dtrio, 3ui> 
value as adjunct to food, 419 20 
Aldehyde, definition of, SOS 
reaction of, in oxidation, 2S7, 297 8 
Aldose, definition, 298 
Alimentary canal, 423 7 
activities arrested by sympathetic, 101 
increased by parasympathetic, 101 
adrenaline on, 871 
antidromic nerves m, 99 
blood vessels of, in exercise, 201 
involuntary muscle of, IS 
nervous control of, 93, 101, 497 9 
Alkaluemia, 689 90 
Alkali on insulin secretion, 509 
excretion of, by kidney at high altitudes, 291, 292 
m corpuscles, importance of, 256 
in decomposition of esters, 835 6 
injection of, on respiration, 265 
on amoeboid movement, 10 
on ciliary movement, 10 
on gastr c secretion, 452 
reserve of the blood, 269 60, 588 9 
estimation of, 249 

Alkali meta protein, formation of, in pancreatic 
digestion, 461 
Alkaline tide, 601 
Alkaptonuria, 674 

“All or None Law of cardiac muscle, 189 
“All or None’ phenomenon of muscle contrac 
tion, 84 
Allantoin, 523 
Allantois, 906 et seq 
in parturition, 912 
Allochoina, 747 

Altitudes adaptation to high, 291 
oxygen want at, 291 


Antigens 

Alveolar air, composition of, 240 
collection of, 240 1 
CO 2 pressure, 264 
at breaking point, 271 
Og pressure during rest and work, 261 
pressure at high altitudes, 291 
Alveolar ventilation, 239 
Alveoli (acmi), irritation of, by chlorine, 269 
of lungs, definition and structure of, 232 
of lymph glands, 216 

of mammary glands, during lactation, 415 
of salivary glands, 437 9 
pressure of oxygen m, 254 
Amboceptor (immune body), 377 
Ammonia, m digestion, 46S 
m urine, 565 
estimation of, 580 1 
liberation of, from ammo acids, 518 19 
of intestinal digestion, 46S 
on glycogen, 308 
on histones, 809 
on muscle, 28 
on sweat secretion, 599 
stimulating agent, 28 

Ammonia urea ratio (ammonia coefficient), 
565 

Ammonio magnesium phosphate (triple phos 
phate) m urine, 571 

Ammonium carbamate, formation of, 519 
Ammonium carbonate, formation of, 519 
in urine, 578 

Ammonium sulphate, on glycogen, 308 
on erythro dextrin 803 
Amnion, 905 
Amceba, 7 
movement of, S 

Ampulla of semicircular canals, 687 
Amyl alcohol, oxidation to valenc acid, 304 
Amylase, of pancreatic juice, 460, 462 
Amylolysis, estimation of, 471 
Anabolism, 818, 508 
Anaemia of the bulb, 665 
cerebral, during Valsalva s experiment, 281 
due to gravity, 204 
effects of, 204 
local, in the brain, 207 
on central cardio acceleiatois, 187 8 
on skin colour, 209 
Anaerobic organisms, 838 9 
Anaesthesia, by rectal absoiption, 480 
dissociated, 742 

on anterior and posterior roots, 102 
on body temperature, 607 
on ciliary movement, 10 
on kidney efficiency, 555 
on nerve activity, S2 
on nerve cells, 760 
on nerve impulse, 81 
on pupil, 836 
on the sympathetic, 101 
on while ramus, 102 
Analyser in conditioned reflex, 701 2 
Anaphylaxis, 379 80 
on eosmophiles, 863 
Anastomosis, arteno venous, 117 
Anelectrotonus of nerve, 86 
Angle, visual (optical), 825 
filtration, of eye, 822 
An ions, 826 
Ankle clonus, 679 
Ankle jerk, 679 
Anosmotic animals, 794 
Anoxaemia See Oxygen want 
Antidromic nerve fibies of parasympathetic, 99 
Anti enzymes, S42 3 
Antigens, 377 
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Antipepsin 

Antipepsm of gastric epithelium, 454 
Antithrombms, 851 
Antitoxin, 870 

Antitrypsin of intestinal epithelium, 454 
Antrum of Graafian follicle, 891 
Anus, innervation of, 100 
Aorta, blood pressure m respiration, 280 
funccion of, 112 
kinetic energy of blood m, 151 
Aphasia, motor 777 8 
Apnoea, definition and cause of, 264 
explanation of, m Cheyne Stokes’ respiration, 
272 

produced by adrenaline, 871 
Apomorphme, 498 
Apoplexy, 651 
Appetite (hunger), 747 8 
Aqueductus Fallopu, 800 
Arachnoid, 611 
Arbor vitae, 648 

Archipallium (primitive brain), 659 
Areola of nipple, 415 
muscle of, IS 

Areolar tissue of mammary glands, 414 15 
of arterial wall, 112, 113 
of coats of veins, 118, 114 
Arginase, action of, 340, 464 
m urea formation, 520 
Arginine, 818, 840 1, 464 
clea-r r* proteins, 819 20 

in i ) - )20 

from protamines, 808 
of trypsin digestion, 461 
Argyll Robertson pupil, 858-4 
Arrhenius, woik on electrolytic dissociation, 826 
Arsenites, 507 

Arteria centralis retinae, 818 
Artense rectae, 546 
Arterioles, 112 
dilatation of, 160 
functions of, 154 
maintenance of tone, 162 
on skin colour, 208 9 
peripheral resistance m, 160, 219 
Arteno venous anastomosis, 117 
Artery (arteries), 112 18 
bronchial, functfon of, 112, 283 
carotid, 206 

ciliary (anterior and posterior) of eyeball, 
705 

constriction during capillary dilatation, 468 
coronary, 112 
effect of ligature, 152 
function of, 107, 110 
helicme, of penis, 889 90 
hepatic, 531, 583 
m asphyxia, 283 
interlobular of kidneys, 544 
ue , 've -uppli , 118 
oo-)t v, Ui,'ion n, 289 
of cerebral circulation, 206 
pulmonary, 112 
blood-pressure, 166 
function of, 283 
renal, 544 
ligature of, 554 
structure of, 112 13 
systemic, blood pressure m, 166 
umbilical, of foetus, 911 
velocity of blood flow m, 174 
vertebral, 206 

volume and pressure of C0 2 and 0 2 in, 262 
Artifacts, produced by fixing and staining, 2 
Artificial respiration, 274-5 
on blood pressure, 280 
Arytenoids, 780, 781 


Axon 

Ascheim Zondek test for pregnancy, 902 
Asparagine (ammo succraamic acid), 817 
Aspergillus niger, 628 
Asphyxia, lbl, 281 3 
C0 2 in, 193 
m CO poisoning, 293 
0 2 want m, 193 
on blood pressure, 193, 195 
on blood sugar, 511 
on pupil, 886 
on respiration, 265 

on respiration after section of vagi, 269 
on skin colour, 209 
on sweat secretion, 698 
on white corpuscles, 862 
with section of spinal cord, 771 2 
Assimilation, power of, m all living oigamHinis, 7 
Association, levels of, 757 
Astereognosis, 717 
Asthenia in cerebellar disease, 698 
Asthma, bronchial, constriction of, 281 
on eosmophile leucocytes, 863 
treatment by adrenaline, 281 
Astigmatism, 882 
Asynergia in cerebellar ataxia, 694 
Ataxia, cerebellar, 608 4 
Atmosphere, composition of, 240 
Atoma in cerebellar disease, 694 
Atrophy, disuse , 79 

Atropine, m chloioform anesthesia, 195 
on antidromic nerves, 99 
on Bambiidge reflex, 202 
on frog’s heart, 190 
on gastric secretion, 452 
on heart, 190 
on heart rate, 194 
on pancreatic digestion, 464 
on parasympathetic, 102 
on psychogalvanic reflex, 203 
on pupil, 886 
on saliva, 440 
on secretion of saliva, 489 
on sweat secretion, BOS, 590 
on vagus, 191 2 
on vasodilators, 99, 108 
Attraction sphere, of cell, 2, 8 
Atwater Benedict Respiration Calorimeter, 886 7 
Auerbach’s plexus, 100, 424, 490, 40b 9 
Auricle, rate of, 144 
description of, 109 
Auriculo ventriculai bundle, 18 
description of, 187 8 
function of, 187 8 
section of, 188 
vagus on, 191 

Auriculo ventricular node, 187 
Autocoid, definition of, 861 
Autolysis, 54 5 

produced by enzyme action, 840 
Autonomic nervous system, 98 108 
action of drugs on, 93, 102 3 
general function of, 100 2 
neurones of, 93 
non medullated fibres of, 72 
on alimentary canal, 98 
on circulation, 98 
on pacemaker, 185 
synapses of, 93 
Auto oxidation, 286 7 
Avogadro s law foi gases, 881 
Axis cylinder, definition of, 70 
Axis of rotation of membrana tympani, 806 
Axon, 67 

of sympathetic, 94 
post ganglionic fibre, 96 
pre ganglionic fibre, 96 
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Babinski’b Sign 

B 

Babinski’s Sign, 681 

Bacteria, action of, in digestion, 407 it seq 
m fmees, 481 
in large intestine, 481 
Ba( tono lysms, 875 

Bainbndge s (right auricular) reflex, 188, 202 
during respiration, 280 
origin of, 188 

Barcroft apparatus (estimation of blood gases), 
218 0 

Barcroft and Nagahasbi’s method of measuring 
tension of blood gases, 262 
Barcrofb’8 Saturator, 258 1 
Bechterew’s nucleus, 691 
Beckmann’s thermometer, 880 
Beef tea, 419 
Bellini, ducts of, 644 
Benedict, Diflerontial Calorimeter of, 387 
method of, for estimation of sugar m urine, 5S1 
method of, for studying metabolism, 887 
Benedict’s solution, 581 
Beneficial eflcct of contraction, of muscle, 36 7 
of nerve, 87 
Benzene ring, 817 

Benzidine test for blood m urme, 675 
Bori bcri and vitamin B 1, 406 
Bernard, Claude, his work on vasoconstrictoi 
fibres. 196 

Bernstein s method of measuring velocity of nerw 
impulse, 88 
Beverages, 420 
Bidder’s ganglion, 186 
Biedormarm’s fluid, composition of, 59 
Bile, 036 9 
acids, 586 

action on lipase, 4o2 
capillaries, 638 
< arriage of, 081 
t holesterol of, 806 
c ireulation of, 088 
OO 2 tension, 261 
constituents of, 580 
digestive action, 460 7 
discharge of, into duodonum, 463 
formation, 534 
functions of, 088 9 
111 urine, 876 

mechanism of expulsion, 538 
on fat absorption, 479 
on pancreatic secretion, 468 
on peristalsis, 490 

pigments (bilirubin and biliverdin), 535 7 
formation of, by Kupffer cells, 862 
m sweat, 600 
origin of, 537 
pressure, 1588 

salts (taurocholate and glycocliolato of sodium) 
5 35, 536 

action of, on corpuscles, 350 
in pancreatic digestion, 4b2 
secretion of, 037 8 
tension of C0 2 in, 261 
“ Bilious attack, ’ 456 
Bilirubin, 308, 635, 636 
formation of, 8b2 
Biliverdin, 585, 686 7 
Bimolecular reactions, 836 
Biurates, 568 
Biuret, formation of, 318 
reaction for protamines, 808 
for proteins, 812 IS 
for proteoses, 816 
for peptones, 815 

Black water fever, hcemoglobinuna m, 57o 


Blood 

Bladder, gall , involuntary muscle of, 18 
urinary, 646 

formation of stones or calculi m, 572 
involuntary muscles of, 18 
passage of unne into, 555 6 
plain muscle of, 18 
“ postural condition’ of, 556 
terminal ganglia of, 100 
Blastula (morula), 905 
“ Blind spot, 886 7 
Blindness, 719 
colour 840, 848, 849 51 
Blood, 847 SO 

acid base equilibrium, 2 S9 
agglutinating action of, 378 
alkali reserve of, 259 60 
estimation of, 249 
and protein break down, 838 
anticoagulants, 851 
antitoxic power of, 376 
arterial, changes in gaseous content of, 264 5 
CO 2 content of, 259 
arterial, oxygenation of, 111 12, 264 
tension of 0 2 during rest and work, 261 
bactericidal power of, 874, 376 
Barcroft and Nagahashi s method of measuring 
tension of gases m, 252 
“buffer ” substances of, 68S 
carnage of gases by, 261 2 
chloride shift, 257 
circulation of See Circulation 
clot, effect of, m brain, 207 
clotting, in injury, 205 
prevention of, 163 
CO 2 combining power of, 249 
coagulation of, 849 52 
negative phase, 850 
colour of arterial and venous, 111 12 
colour index, 857 

deficiency of, remedied through lymph, 218 
factois modifying coagulation of, 350 1 
fat, 518 14 

flow, velocity of, 178 6 

changes of, in brain, 207 8 
m capillaries, 930 
in mam artenes, 930 
gases of, 247 et seq 
estimations of* 248 et seq 
exchanges of, 151 
principles of analysis, 248 
relation between quantity and tension of, 
258 

globulicidal power of, 876 
groups, 878-4 

hcemoglobm content of, 857, 980 
Haldane’s gas analysis apparatus, 243, 249 
H ion concentration of, 52, 257, 586 8, 980 
at high altitudes, 260, 29 2 
human, distinguished from that of other 
animals, 879 
111 diabetes melhtus, 800 
in fatigue, 90 
m red sweat, 600 
m rickets, 405 
m unne 575 6 

inference method of measuring tension of gases 
in, 252 

loss during starvation, 527 
micro gas analysis, 244 
neutrality of, 258 
opsonic power, 878 

osmotic pressure, relation to secretions, 488 
to urinary flow, 551 
oxidation, rate of, 256 
oxygen capacity, 249 
at high altitudes, 292 
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Blood 

Blood— continued 
oxygen content, 249 
physical characters, 847 
pigments, 866 et seg 
derivatives of, 868 
test for, in urine, 576 
plasma, 858 5 

arterial, composition of, 548 
change from sol to gel in coagulation, 852 
chemical reaction m, 257 
C0 2 m, 257 

in tissue respiration, 284 
liquor sanguinis, 847 
venous, 257 
platelets, 864 

role of, in blood clotting, 849 
pressure, aortic, 189 

affected by cardio accelerator mechanism, 189 
aortic, on coronary circulation, 206 
on cerebral circulation, 207 
magnitude and variability, 200 
peripheral resistance m, 160 
decrease and increase in arterial, 166 
heemorrhage on arterial, 205 
measurement of arterial, m animals, 162 7 
in man, 167 9 
capillary, 165, 178 

importance of, m lymph formation, 219 20 
measurement of, 165 6 
on lymph flow, 219 
resting, 980 
cerebral, rise of, 193 
diastolic, 165, 167 9, 200, 980 
effect of amines on, 468 
C0 2 on, 195 6 
exercise on, 201 
heart-rate on, 148 
local dilatation of vessels on, 201 
over ventilation on, 195-6 
respiration, 279 80 
rise m sinus caroticns, 193 
section of medulla on, 195 6 
stimulation of sensory nerve on, 195 6 
endocardiac, 129 

factors responsible for maintaining, 162 
fall of, m section of spinal cord, 771 
in animals, 162 et seg 
in artificial respiration, 280 
in arteries and veins, 166 
m asphyxia, 288' 
m capillaries, 166 

in debility and cerebral anaemia, 204 

in exercise and asphyxia, 193 

m inspiration, 280 

m man, 167 9 

m over ventilation, 196-6 

in Valsalva’s experiment, 281 

in venae cavse, 166 

increased by sympathetic, 101 

mtra auricular, 181 2 

intracapillary, on lymph flow, 219 20 

intraglomerular, 547 

maintenance of, 159 62 

measurement by auditory method, 167 8 

on cardiac output, 148 

on cerebral circulation, 207 

on reflexes, 677 

purpose of, 159 

relation to cardio accelerator mechanism, 189 
relation to heart beat, 148 9 
relation to heart rate (Marey’s Law), 198 
relation to vasodilator centre, 198 
relation to vasoconstrictor centre, 196 
rise dunng ammo acid digestion, 468 
sympathetic on, 100 
systolic, 165, 167 9, 200 


Bomb Calorimeter 

Blood — conformed 
pressure, venous, 180 

during occlusion of blood supply, 179 
factors influencing, 180 1 
haemorrhage on, 205 
measurement of, lbO 
in animals, 165 
on efficiency of heart, 181 
records of, 165 
stimulus of ventricle, 188 
quantity of, 848 9 
reaction of, 852, 686 8 
maintenance of, at high altitudes, 260, 292 
relationship to lymph, 218 
serum, bactericidal action of, 375 
globulicidal power of, 876 
serum, 858 5 

character and composition, 854 5 
Specific gravity of, 347 
spectra, 869 et seg 
Storage in spleen, 224 
substitutes, 878 et seg 
sugar, average quantity of, 980 
description and estimation of, 610 18 
supply of cerebral cortex, 650 1 
to O N S , importance of, 065 
to kidneys, 544 0 
to liver, 581 
to lungs, 283 

to sino auricular node, 188 
temperature of, on pace maker, 185 
tests for, 878 
fusion, 874 

transport of C0 2 by, 256 et sen 
of 0 2 by, 258 et seq 
urea, average quantity, 980 
estimation of, 580 

rise of, with fall of liver amino acids, 517-18 
venous, C0 2 content, 149, 269 
gas pressures m, 252 

haemoglobin and oxyhemoglobin of, 866 et 
seq 

venous return, 149, 180 1 
vessels, absence of, m epidermis, 598 
after asphyxia, 288 
chemical control of, 200 
chemical substance produced in constriction, 
103 

circulation in, 159 181 
control of, 195 200 
m exercise, 201 
elasticity of, 160 

on diastolic and systolic blood pressure, 200 
function of, in food absorption, 475 
histology, 112 17 
nutrition of, 155 
of bladder, 546 
of brain, 207 
of eyeball, 822 
of kidney, 544 5 
of lymph glands, 217 
of mammary glands, 415 
of retina, 842 
m exercise, 202 8 
plain muscle of, IS 
plethysmography, 197 8 
recovery after damage, 205 
sympathetic on, 101 
vasomotor changes, 196 
volume of, 980 

maintenance of constant, 218 
on venous return, 200 
relation to venous pressure, 180 
Body weight, 392 

Bohr effect, m over-ventilation, 258 
Bomb calorimeter, 884 
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Bone 

Bone, 919 29 
chemistry of, 927 
histology of, 920 et seq 
loss during starvation, 627 
marrow Set Marrow 
nourishment of, 922 
veins of, without valves, 114 
Bowman, capsule of, 644, 661 
glands of, 792 
ft oxidation, 616 16 
Boyle Mariotte’s law for gases, 881 
Brain, anatomy of, 612 18 
asphyxia of, 2S8 
cholesterol of, 806 
circulation in, 206 
in fatigue 89 

loss during starvation, 627 
primitive (archfpallium), 669 
stem, transverse sections of, 686 et seq 
volume changes, 207 
Bread, 418 
Breath sounds, 286 7 

Breathing, bronchial and tracheal sounds in, 286 7 
forced, on acid base equilibrium, 265 
vesicular, 286 7 

Breathlessness (dyspnoea) See Dyspnoea 
Bright's disease, systole and pulse in, 171 
Broca s convolution, 777 8 
Bronchus, 229 
plain muscle of, 18 
sympathetic on, 101 
Bronchioles, 280 1 
Brown quard, syndrome of, 778 
Bruch, membrane of, 815 
Bruise, bile pigment of, 862 
Biimnor, glanaH of, 425 
Bulb (medulla oblongata), 612 
foreign body in, 207 
importance of, 684 
parasympathetic fibres from, 99 
section of, on blood pressure, 195 
structure of, 081 U seq 
olfactory, 798 

Bulbus aortas of primitive heart, 188 
Burdach, column of, 622, 026 6 
Butyl alcohol, oxidation of, 804 
Butyrin of milk fats, 418 


c 


Cadaverine, in urine, 576 
Caffeine, 420 
Caisson disease, 292 8 
Cajal, method of, 80 
moss fibres of, 645 
Calciferol, vitamin D, 405 
Calcium, essential in body, 402 
essential for plain muscle contraction, 155 
in coagulation of milk, 418 
in ossification, 928 9 
in pregnancy, 910 
in rickets, 404, 406 
in unne, 572, 573 
in ventricular fibrillation, 142 
ions in blood coagulation, 861 
metabolism and parathyroids, 867 
on heart, 158 
rigor, 158 
value in food, 402 
Calcium-carbonate, m saliva, 442 
in urine, 672, 578 
Calcium oxalate, in sweat, 600 
in urine, 672 


Carbon Dioxide 

Calcium phosphate, m blood plasma, 355 
in faeces, 482 

m intestinal digestion, 476 
m milk, 413 
m pancreatic juice, 461 
in saliva, 442 
m urine, 570 1 
Calorie, definition of, 888 
Calories, daily requirement, 899-400 
Calorimeter, Atwater Benedict respiration, 885 
Benedict differential, 887 
the bomb, 888 4 
Calorimetry , 888 
Calyces of kidney, 543 
Camphor, on sweat secretion, 599 
Canal (canals), alimentary, q v 
central, of spinal cord, 618 
Haversian, 921 
portal, 582 
of Petit, 822 
of Schlemm, 817 
semicircular, 687, 801 
function of, 691 3 
Canaliculi, of bone substance, 920 
of liver, 588 

Cancer, fundamental difficulty of, 917 
of stomach and hydrochloric acid, 472 
Cane sugai See Sucrose 
Capillaries, blood , 115 17 
acids on, 179 
circulation m, 178 9 
contractility, 116 
control of, 179 
definition of, 107 
dilatation of, 160 
by histamine, 179, 468 
m exercise, 201 
dimensions of, 116 
function of, 107, 110 
microscopic observation of, 178 9 
of red muscle, 17 
on skin colour, 208 9 
permeability of wall on lymph flow, 219 
pressure m, 165, 166, 884 
pulmonary, 282 8 
peripheral resistance in, 160 
Capillaries, bile, 538 
lymph, 218 14 
Caprom of milk fats, 413 
Capsule, Bowman s, 544, 551 
external, 650 
internal, 650 1 
Carbohydrates, 297 808 
absorption of, 476 
as fuel, 506 7 
in exercise, 289 
as protein sparer, 528 
bacterial action on, m intestines, 467 8 
calorific value of, 515 
digestion of, 505 
katabolism of, 504 
metabolism, 890, 505 18 
function of liver in, 534 
pituitary on, 877 
relation to pancreas, 507 et seq 
of protoplasm, 2 
on insulin secretion, 509 
on ketosis, 516 
on respiratory quotient, 288 
source of muscular energy, 52 
Carbon, constituent of proteins, 807 
heat produced in oxidation of, 884 
Carbonates in unne, 570 

Carbon dioxide, accumulation of, on heart rate, 193 
of blood plasma, 858 
on spleen, 224 5 
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Carbon Dioxide 

Caibon dioxide — continued 
accumulation cf, on sympathetic, 101 
administration in 00 poisoning, 294 
alveolar, 2S8 9, 241 
at breaking point, 271 
fate of, 241 
pressure of, 264 
atmospheric, 28S, 240 
combining power of the blood, 249 
exchange in lungs, 2b0 1 
excretion by kidney, 260 
from glucose, 800 
in active muscle, 201 
m alveolar air, 288, 240 
in arterial blood, 149, 151 
in asphyxia, 193 288 
m cerebro spinal fluid, 666 
in exercise, 198, 201 
m expired air, 288, 240, 28S 
m inspired air, 28S 
m lymph, 217 

m histidine decomposition, 318 
m muscle contraction 51 
m nervous activity, 270 
m rigor mortis, 54 
m spleen, 224 5 
in starvation, 527 
in urine, 287 
in venous blood, 149 
measurement of, in air samples, 248 
on capillaries, 179 
in exercise, 201 
on carotid sinus, 265 
on ciliary movement, 10 
on coronary circulation, 200 
on haemoglobin, 255 
on nerve activity, 82 
on nerve impulse, 81 
on respiration, 264 
on spinal cord, 265 
on vasoconstrictor centre, 195 
on vasomotor response, 204 
output, 980 

in muscular activity, 286 
specific stimulus of respiration, 265 6 
tension m blood, fall of, 272 
in tissues, 261 

transport of, in the blood, 256 et seq 
volume and pressure in arteries, lungs, tissues, 
veins, 262 

Carbon monoxide poisonmg, 293-4, 872 
Carboxyhsemoglobin, 293, 868, 872 
Carboxyl, formation of, 298 
Cardiograph, construction of, 183 5 
Cardio inhibitory mecbanism, 151 2, 185 et seq 
during rest, 192 
reflex, 192 

Cardiometer method of measuring output of 
heart, 147 
Carlson s man, 453 
Carotene, value m food, 404 
Carotid smus, CO 2 on, 265 
pressure m, 198 
Cartilage, 918 et seq 
ossification in, 925 
Casein from casemogen, 310, 412 
digestion of, 465 

Caseinogen, cleavage products of, 319 
of human and cow s milk, 414 
protein of milk, 810, 411, 412 
Castration on growth, 900 
on thymus, 878 

Catalysis, the nature of enzyme action, 343 
Catalysts, 887 
Cell (cells), animal, 1 8 
anterior horn, 618 19 


Central Nervous Sysii m 

Cell — continued 
attraction sphere of, 8 
basophile of blood, 363, 365 
Betz (giant pyramid), 768 
bipolar olfactory, 793 
centriole of, 3 
ciliated, 8 

Clarke s column of, 019 
cytoplasm, 2 3 

Deiters , of organ of Coiti, 804 
division of, 3 
during narcosis, 760 1 
encasing, of tongue, 789 
endothelial, of capillaries, 116 
of sinusoids, 116 
of veins, 116 
of wall of artery, 118 
vital action of, 210 
fusiform, of involuntary muscle, 19 
ganglion , of involuntary muscles, 59 60 
of retina, SI 8 

giant (megakaryocytes) of marrow and spleen, 
364 

giant (myeloplaxes) of red marrow, 020 
gland function of, 427 
goblet, mucin of, 310 
growth, local, 917 
thyroid on, 866 
gustatory, 789 
hair , of organ of Corti, 804 
hepatic, 531 2 

mtermedio lateral, of grey matter, 619 

interstitial, of testis, 888 

layers of cerebral cortex, functions of, 658 9 

marrow , 920 

Martinotti s, 057 

middle column, of grey matter of cord, 619 
mitral, of olfactory bulb, 793 
mononuclear, of blood and spleen, 861 
mucoid, 447 

multipolar, of grey matter, 618 
nerve 68 9, 5S1 

neurolemmal, changes and functions ol, 80 
nucleus, 8 

nurse, of testis, 887 8 
of parathyroids, 8G7 
of posterior horn, 619 
olfactorial, 792 
oxyntic (parietal), 447 
permeability of, 332 
pigment , adrenaline on, 872 
of retina, 821 
pituitary on, 877 
plasmatic membrane, 836 
Purkinje s, 644 5 
relation to environment, 7 8 
reproductive (gametes), 883 
reticulo endothelial, distribution of, 861 2 
Rouget, function of, 116 
secreting, of pancreas, 459 
of sweat glands, 599 
Sertoli s, 887 
size of, 2 

solitary, of Meynert, 719 
stellate, of Kupffer, 861, 332, 538 
vital action of, 831 2 
Cellulose, 299, 302, 808 
digestion by herbivora, 481 
digestion of, 467 8 
in faeces, 482 

Cement (crusta petrosa) of tooth, 486 
Central nervous system, 611 18 
adrenaline on, 878 
afferent paths, 743 
“ anal>sers on sensation, 727 
definition of, 65 6 
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Cr nth a l Nervous System 

Central nervous system — -continued 
degeneration in, 80 
distuibance in, 711 
efU rent paths, 709 

-in QO 

i of trie ts of, 019 et seq 
motor path, 07 
myelmation of fibres, 659 01 
nutrition of, 156, 665 7 
olfaetory tiact, 794 
pyramidal tracts, 767 8 
rofl< x are, 07 b 
sensory pathways, 711 9 
veins of, 114 
Centriole of cell, 2, 8 
Cephalin, 851 
Cerebellum, 012 

c- 4 i " rn **', 720 
« r s , 

external and internal layers, 644 
functions of, 698 5 
main connections of, 646 
pednntlos of, 645 
removal of, 694 
sections of, 695 
structure of, 643 6 
Corebro spinal fluid, 6G5 7 
Cerebrum, 012 

association fibres m, 648, 721 

„ nv - 1715 700 

l u " t ”r ( , -c , 718 
convolutions of, 051-4 
cortex, 650 
cortical rotina, 718 
c-U'"’ (pe r*, 612 

t r\ < -« lation to function, 659 61 

oxtirpation of motor and sensory aieas, 714 15, 
715 16 

Flochsig’s myelogenetic cortical fields, c60 1 
functions of, 707 21 
hemispheres, 649 
histology of cortex, 655 9 
inner fibre layer, 657 
localisation of functions of, 710 15 
motor, aroas, 710 15 
parietal association area, 721 
perforated ^.pots, 650 1 
r< moval of, 7l7 10 
sensory areas, 710, 715 et seq 
silent areas, 720 1 
structure of, 619 61 
tactile area, 716 17 
visual area, 715, 717 19 
visuo psychic region, 719 
visuo sensory cort( x, 719 
whito mattf r of, 664 5 
word centres, 777 
Chalones, definition, 861 
Cl l ca_ v 1 '"o rr ‘ 176 

( 1 , .U 

< *.-11 the body, 297 

C a 1 t c <288 9 

Ohoyne stu r s n sp n.uo 1 272 3 
Child, u ie 1 ew bnr Sbj 1 1 seq 
C n 'U « ’mj' «■ definition, 257 
t v -• ( erobro spinal fluid, 606 
of gastric juice, 450 
of lymph, 217 
cf urine, 569 

( blurb t , m blooo p^ima, 855 
in urn t, 562 
on respiration, 269 
Ohlorocruorin, 806 note 
Chloroform, on cardiac mechanism, 194 5 
on cholesterol, 806 
on excised heart, 154 


Circulation op the Blood 

Chloroform — continued 
on fats, 804 
on pupil, 886 
011 sensation, 780 
Cholesterol (cholesterm), 806 7 
bile a solvent of, 539 
extraction of, 306 
in bile, 585, 537 
m blood plasma, 855 
in faeces, 482 
m grey matter, 79 
m milk, 418 

m metabolism of Ms, 513 14 
m red corpuscles, 366 
in spleen, 224 
protective agent, 879 
Choletelm, 575 

Choline, from lecithin, 307, 514 
on heart rate, 194 
on parasympathetic, 102 
Chondrm, 918 
Chondro mucoid, 811 
Chorda tympani, 489 
parasympathetic to submaxillary, 489 40 
pure vasodilator, 198 9 
section of, 440 
stimulation of, 727 
Chordae tendmese, 110 
function of, 129 
parasympathetic fibres of, 99 
Chorion, 905 et seq 
Choroid, 814, 815 

Chromaphil tissue of suprarenals, 868 9 
Chromatin of polymorphonuclears, 863 
(nuclem) of cell nucleus, 8, 290 1 
Chromatolysis, 69 
Chromidrosis, 600 
Chromo proteins, 310 
Chromosomes, of reproduction, 883 
the sex, 899 et seq 
Chronaxie, definition, 27 
Chyle, definition, 213, 478 
flow of, 218 
C 1 v 1x ' on, 589 
C egg, 905 

Cilia, 8 9 
arrangement of, 8 
function of, 9 
movements of, S 
Ciliary processes, 815 
Circle of Willis, 206 
Circulation of the blood, 121 4 
acetyl choline in, 103 
adrenaline on, 870 
autonomic control of, 93 
capillary, 178 9 
ceiebral, 206 7 

changes during asphyxia, 283 
m new born child, 8S5 
circulatory system, 107 17 
collateral, 117 
control of, 185 2C9 
coionary, 154, 206 
course of, 110 12 
crossed, experiments on, 265 
exercise on, 201 8 
foetal, 910 11 
function of, 1 
gravity on, 208-4 
m anoxaemia, 665 
m asphyxia, 2S3 
m blood vessels, 169 81 
m erectile tissue, 208 
pituitary on, 876 
portal, 111 
principles of, 122 4 
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Circulation of the Blood 

Circulation of the blood — continued 
pulmonary (lesser), 111 
m respiration, 2b0 
renal, 111 

restoration of, m C N S , 665 
systemic (greater), 111 
time of complete, 176 8 
venous return, 180 1 
and capacity of vessels, 200 
“Circus movements’ (flutter and fibrillation), 
140 1 

Citrate, on blood clotting, 851 
Citric acid m human milk, 414 
Clarke s column of cells, 619 
Clasmatocytes of connective tissue, 861 
Claustrum of Island of Eeil, 657 
Cleavage products, definition, 808 
Clot, blood , formation of, 849 
prevention of, 168 
Clot, lymph , 217 
Coagulation, by enzymes, 840 
definition of heat and enzyme, 813 
of blood, 849 et seq 
of milk, 412 18 
Coagulum, formation of, 818 
Cobra venom, on red corpuscles, 806 
Cocaine, 420 

on cutaneous sensibility, 780 
on intestinal movements, 494 
on taste, 791 
Cochlea, SOI et seq 
of the labyrinth, 687 

Coefficient of oxidation, definition and measure 
mont, 285 6 
of solubility, 247 
Co enzymes, 840 
Cohnheim, areas of, 15 
Coitus, 904 

Cold, on skin colour, 209 
sense of, lost in hemisection of cord, 778 
“Cold spots, 786 8 
Collagen, £09 
effect of cooking on, 419 
undigested by trypsin, 461 
Colloid, 812, 827, 887 
assimilated by macrophages, 362 
diffusion of, 827 
“salting out of, 818 
solutions, 837 

Colon, descending, innervation of, 100 
Colostrum, composition of, 411 
Colour mixture, binocular, 851 
Colours, complementary, 846 
Common path, principle of, 698 701 
Compensatory pause, 140 
Complement, 877 
Concha (ear), 799 
Concussion, 757 
Condiments, 419 

Cone (cones) of retina, construction of, 819 20 
fibre, 820 
function of, 888 
granule, 820 
movement of, 888 
Coni vasculosi, 887 
Conjunctiva, 818 

Conscious states, physiology of, 758 63 
Consciousness, feeling, 707 
loss of, 756 8 
modes of, 754 

Consonants, production and classification of, 784 
“ Contraction without metals, 44, 49 50 
Contracture, 87 
Convergence, principle of, 698 
Convolutions (gyri) of cerebrum, 651 4 
Convulsions m asphyxia, 281 


Creatine 

Cooking, importance of, 898, 419 
Copper, on iron metabolism, 402 
Cords, vocal, 780 et seq 
false, 780, 781 
movements of, 781 et seq 
Conum, of alimentary canal, 424 
of nasal cavity, 791 
Cornea, function of, 814, 824 
index of refraction of, 824 
Coraeo scleral junction, 817 
Corpora cavernosa (of penis), 889 
Corpora quadngemma, 640 
Corpus Arantn, 110 
Corpus callosum, 649 
function of, 702 

Corpus dentatum of cerebellum, 643 
Corpus Highmorianum, 886 
Corpus luteum, 892 8 
function of, 901 2 
pituitary on, 902 

Corpus spongiosum (of penis), 889 
Corpus striatum, 650 
removal of, 607 
Corpuscles, blood, 847, 855 68 

activity of, in transport of 0 2 and C0 2 , 255 7 

chemical reaction in, 257 

differential count, 858 9 

glycogen of, 803 

histones of, 808 

impermeability to glucose, 882 
in urme, 675 

of embryo, amoeboid movement of, 882 
bone , 795 (diag ) 
colostrum, 412, 415 
colourless, amoeboid movements of, 8 
formation by spleen, 228 
concentric, of Hassall, 878 
lymph ,216 

Malpighian See Glomerulus 
Meissners (touch), 784, 738, 742 
Pacinian, 733 
for touch sensations, 742 
red, 855 61, 866 8 
behaviour m capillaries, 178 
break down of, 861 
chemistry of, 866 8 
cholesterol of, 806 
crenation of, 866 
destruction of, by spleen, 224 
enumeration of, 857 8 
fate of, 860 1 

formation of, during severe haemorrhage, 205 
by spleen in young animals, 228 
in bone marrow, 205 
haemoglobin of, 253 

increased affinity for 0 2 at high altitudes, 

number of, 857, 980 
origin of, 859 
resistance to poisons, 806 
salivary, 442 
tactile, 594 
white, 862 5 
chemistry of, 865 
enumeration of, 858 
glycogen of, 80S 
number of, 862 8, 980 
origin of, 864 5 
Cortex of suprarenal, 868 
development of, 872 
Corti, organ of, 808 
rods of, 803 

Cotyledons of decidua basalis, 907 
Cough, description of, 278 
Creatine, 818 
and parathyroid, 868 
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Creatine: 

Croat mo— cent i n ned 
extractive of muscle tissue, 55 
ni urine, 500, 567 
of blood plasma, 855 

Creatine phosphate (phosphagen) of muscle eon 
traction, 61 

Creatinine, extractive of muscle tissue, 55 
in ’ow r) T, o +jlir ‘ e f 518 

in r i ,518 

m urine, 608, 500 7 
of blood, 567 
of blood plasma, 855 
of cerebro spinal fluid, 060 
Crescents (demilunar) of Gianuzzi, 488 
Cretinism, 805 
Crista acustica, 088 9 
Croup (laryngismus stridulus), 278 
Crus, section through, 640 
Crusta (pes) ot bulb, 040 
Crusta petrosa (teeth), 480 
Crypts of Lioberkuhn (large intestine), 425 
Crystallin, of crystalline lens, 809 
Crystalloids, 812, 827 
osmotic pressure of, 883 
Cupula of semicircular canals, 689 
Curari, on ohronaxio of muscle, 27 
on lymph flow, 219, 220 
on limb capillaries, 219 
Curd, of milk, 412 18 

Current, electrical, direct and induced, 24 sqq 
Faraday's extra, 25 
of action, in muscle, 47 8 
in nerve, 81 
of injury (muscle), 47 
Cuticle (epidermis), 598 
Cuticle of scales (hair), 570 
Cybulski’s photo hoematachometer, 175 6 
Cystine, 818, 580 
< onstituent of glutathione, 287 
m sweat, 600 
in urine, 672 8, 570 

percentage m cleavago products of various 
proteins, 819 20 

source of sulphates in urine, 569 
Oystinurla, 578 
Cytoplasm of cells, 2 

Cytosine, decomposition product of nucleic acid, 
811 

D 

Dale and Evans method (reaction of blood), 587 8 

Dalton Henry law, 248 

Darnell cell, 47 

Deafness of boilermakers, 809 

“ Dead spare,” 238 

Deaminases, 340 

Deamination ot ammo acids, 518 et seq 
Death, 929 30 

from failure of b o’ a 1 '" 1 C N b , G65 
in chloroform ~ - 1 * 

in starvation, 527 
Decerebrate animal, 683 4 
rigidity, 083, 710 

Dei Iduii and loetal membranes, 905 et teq 
Dt Aeration, 40o 
Deficiency diseases, 403 
Doge c-a' ion, fatty, 514 
Degeneration of nerve, 77 8, 86 7 
complete, 86 
in mixed norvi , 190 
in tracts ot C N 8 , o20 
reaction of, 80 7 
Wallorian, 77 
Deglutition, 487 9 
centre, 084 


Digestion 

Deiters, cells of, 804 
nucleus, 637, 691 

Dementia, cerebral cortex in, 658 
Demilunes (crescents) of Gianuzzi, 48S 
Denaturation, of a protein, 318 14 
Dendron, 08, 69 
Dentine, 4S5 
Deoleolecithm, 879 

Depressor reflexes, on cardio inhibitory mechan 
ism, 192 

Dermatitis, and vitamin B 2, 406 7 
Dermis, 598 
Desensitisation, 880 
Deutero albumose, 815 
Dextrin, 299, 802 
contrasted with glycogen, 303 
in digestion of starch, 442 
on gastric secretion, 452 
Dextrose See Glucose 

Dextrose Nitrogen ratio (the D N ratio), 512 
Diabetes insipidus, 665 
and hypopituansm, 875 
and pituitrm, 876 
unne m, 662 

Diabetes mellitus, 512 13 
alveolar CO 2 in, 241 
blood fat m, 518 
glucose in, 800 
heat production in, 89S 
hunger m, 748 
loss of consciousness m, 758 
on fat metabolism, 518 
on polymorphonuclear leucocytes, 368 
permeability of corpuscles to glucose m, 882 
urine of, 562, 565, 574 
Diacetin, 806 
Dialysis, definition, 828 
globulins, 309 
of proteins, 812 
Diaminuna, 57 6 
Diaphragm, innervation of, 234 
movements m respiration, 284 6 
Diastase, 889 
malt, on search, 801 
Diastole, 127 8 
heart-sound in, 132 3 
isometric relaxation, 180 
rapid phase, 180 
slow phase, 180 

ventricular and auricular, 180 1 
Diastolic pressure, height of, 165, 167 9 
measurement of, 167 
relation to elasticity of vessels, 200 
Diet, 895 408 
balance of, 400 1 
British system of rations, 401 2 
for brain workers, 402 
general aspects, 467 
m relation to growth, 918 
meat m a, 899 
minimum bulk, 895 
on peristalsis, 490 
on urine, 562 
quality, 395 
vegetarian, 899 
vitamins, 403 S 
water requirement, 402 8 
Diffusion, 827 
m intestine, 475 
m tissue respiration, 284 
Digestion, bacterial action m, 467 8 
definition, 423 
m intestines, 459 68 
in stomach, 447 66 
juices of, investigations, 471 2 
mechanical processes of, 485 9 
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Digestion 

Digestion— continued 
on blood clotting 860 
on white blood corpuscles, 362 
salivary, in stomach, 443 
Digestive system, function of, 1 
Dilator pupillse , 816 

Dilemma, the, for measurement of reaction time, 
770 1 

Dioxy punne See Xanthine 
Dipeptides, 320 
Diphasic variation, 48 

Diploe, cancellous structure of flat bones, 920 
Disaccharases, 339 
Disaccharides, 299 
excretion by kidney, 476 
Discus proligerus of oocyte, 891 2 
Dlss iciation, electrolytic, 826 
functional, 767 

Dissociation, curves, 0 2 and CO 2 , 254 9 
of substances in solution, 325 et scq 
Diuresis, 547 
exercise on, 664 

D N (Dextrose Nitrogen) ratio, 512 
Dobie line of (Krause s membrane), 15 16 
Douglas bag, 242 387 

Douglas method for measuring gas pressures in 
venous blood, 242 
Dromograph, Ohauveau s, 175 
Dropsy, Fischer s theory of, 220 
capillary walls and capillary pressure in, 220 
Drugs, on peristalsis, 490 
on autonomic nervous system, 93, 102 3 
on blood vessels, 197 8 
on consciousness, 763 
on excised heart, 154 
on heart, 194 5 
on placenta, 910 
on salivary secretion, 440 
on sensation, 730 
on sweat secretion, 599 
perfusion experiments with, 198 
Du Bois Reymond induction coil, 26 6 
Duct (ducts), Bellini s, 544 
cystic, 531 
hepatic, 531 
lactiferous, 414 
of fundus glands, 447 
of glands, plain muscle of, 18 
of testis (vasa efferentia), 887 
Wharton s, 439 

Ductus arteriosus (foetal circulation), 911 
Ductus venosus (foetal) circulation, 910 
Dudgeon s sphygmograph, 169 
Dulcitol, 298 

Dupr6 s apparatus, for blood gas estimations, 
249 

for urea estimations, 580 
Dura mater, 611 

Dyspnoea (breathlessness), 150, 290 et seq 
in asphyxia, 281 

Dystrophia adiposo genitalis, 875 


E. 

Bar, anatomy of, 799 805 
Bbner, glands of, 787 
Eck fistula, 520 
Ectoderm, 310 

Edestm, cleavage products of, 819 
Edridge Green lantern (colour blindness), 849 
Egg, as food, 416 
Egg-albumin, 809 
cleavage products of, 819 
crystallisation of, 314 


Enzyme 

Egg globulin, 809 
Ego, the, 755 

Ehrlich s side chain theory, 876 7 
Emthoven s string galvanometer, 45 
Ejection phase \n ventricular systole, 130 
Elasticity of muscle, 40 
Elastin 310 

digestion by trypsin, 461 
Elastose, 815 
Electric fish, 49 

Electricity, on amoeboid movement, 10 
on nerve and muscle, 24 6 
Electro cardiogram, 142 4 
Electro magnetism, discovery of, 44 5 
Electrodes, non polansable, 46 7 
Electrolytes, definition, 826 
Electrolytic dissociation, 826 
Electrometer, Lippmann s capillary, 45 6 
Eleidin, 598 

Embolism, on respiration,. 269 
Embryo, blood corpuscles of, 350 60 
brain of, 652 3 

development of neuial crest, 101 

drugs on heart of, 194 

glycogen of tissues of, 308 

movements of, from Fallopian tube to uterus. 

905 

nerve cells from spinal ganglion, G72 
nucleated corpuscles of, 359 
vascular area, 859 

Embryological method of investigating tracts of 
C N S , 619 20 
Emetics, 493 
Emmetropia, 830 l 
Emotion, on circulation, 203 
on gastric secretion, 458 
on saliva, 441 
Emulsification, 478 
of fats, 805, 478 
Enamel, of teeth, 4So 
Eudocardiac pressure, 120 
Endocardium, 109 
Endocrine organs, 861 79 
Endolymph, 801, 808 
of semicircular canals, 687 
Endoneurium, definition, 71 
Endothelial cells, vital action of, 219 
Endothelium, of capillaries of bone marrow and 
suprarenal s, 861 

of lymph and splenic sinuses, 861 
of walls of veins, 116 
Energy, conservation of, 390 2 
nature of, 383 

Enteric nervous system, 93, 100 
Enterokinase, 465 6 
Enzyme (enzymes), 337 48 
action of, 334 5 
characteristics of, 840 ct seq 
in autolysis, 840 
m blood coagulation, 362 
m fat metabolism 517 
in ossification, 928 9 
m post mortem autolysis, 55 
isothermic, 318 
logarithmic law of, 341 2 
nature of, 843 

optimum temperature for, 341 
reversibility of, 342 
specificity of, 340 1 
amylolytic (amyloclastic), 389 
autolytic (intracellular), 340 
classification 339 et seq 
coagulation, 813 
functions of, as catalysts, 287 
intracellular, 840 
111 oxidation, 287 
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Enzyme 

Enzyme — continued 
inexhaustibility of, 841 
“ inversion ’ hydrolysis by, 300 
of enzymes, 405 0 
lipolytic, 380 

of pancreas, nervous control of formation of 
417 * 

of pancreatic juice, 460 2, 464 
on starch, 301 

of salivary glands (ptyalin), 488 
on starch, SOI 

of stomach of sucking animals (renin t), 412 
ot succus emeritus, 464 d s cq 
reaction velocity of, 385 
specificity of action, 840 
Kpicardium, 107 
1 pld< rn is (c itn it), 503 
'cerium oi, 310 
rV’ s, \Ts Q S0 
• " ) 

I > 4 1 , - 5 

Epineurium, definition, 71 
Epiphysis, 027 

Epithelium, ciliated, of bronchi, 231 
function in intestinal digestion, 476 
of alimentary canal, 424 
of nasal cavity, 791 
of trachea, 230 
of bylvian aqueduct, 688 
of uterus, 395 

t olumnar, fat absorption m, 478 
of alimentary canal, 424 
ofrr a 818 

of 1 r- , 333 
of urethra, 546 

cubical, ot crystalline lens, 817 
of tubules of testis, 888 
germinal, of ovary, 890 
glandular, of tubules of kidney, 552 
of capsule of Bowman, 544, 551 
of kidney, 544 
of semicircular canals, 688 
pavemont, of lung tissue, 232 
polygonal, of bile duct 538 
stratified, of alimentary canal, 424 
of cornea, 818 

of i g ~ i i f 8 

of if’-aa ' - a* bladder, 546 

of uterus and vagina, S95 
tiansitional, of ureters and urethra, 546 
visual nerve (rods and cones), 819 
F juilibrium and posture, receptors and reflexes 
concern! d, 686 et seq 
maintenance of, 086 
Erection, nature of, 20S 
Erepsin, 524 

enzyme of intestinal juice, 389 
of succus entencus, 466 
Krgograph, Mosso’s, 89 
Ergometor, bicycle, 242 
Ergosterol, 404 

Ergotamine and adrenaline, 871 
m hyperglyccoma, 512 
on heart rate, 189, 194 
on sympathetic, 102 
Ergotoxmo and adrenalino, S71 
on heart rate, 194 
on insulin secretion, 609 
an salivary sicretion, 440 
on sympathetic, 102 

Erythroblasts of red marrow, 360, Sot, 927 
Erythro dextrin, 802 
in digestion of starch, 442 
Esterase, in fat metabolism, 617 
of ossification, 928 9 
Esters, decomposition of, 335 6 


Exercise 

Ether, absorption m large intestine, 480 
ansesthesia, on fats, 304 
on pupil, 836 

Ethyl alcohol, formula, 297 
formation from glucose, 300 
oxidation of, 304 

Ethyl mercaptan from cystine, 569 
Euglobulm, precipitability of, 854 
Eustachian tube, 799, 806 
Eustachian valve, 109 
of foetal circulation, 910 
Evolution of mammary glands, 415 16 
Ewalds Method, investigation of gastric secretion, 

Excitability (irritability) of tissues, 23 7 
definition, 23 

diminished m cut nerve, 77 
m degeneration of nerve, 77 
measurement of, 26 7 
stimulation on, 82 

Excitation, nature of, m reflexes, 697 8 
wave, course of, m heart, 186 8, 143 
Excretion, definition, 427 
during rest and exercise, 504 5, 507 
power of, possessed by all living organisms, 7 
Excretion(s), 427 
by large intestine, 480 
in health, 604-5 

Excretory system, function of, 1 
Exercise, acid base equilibrium during, 289 
acidsemia, 588 
adrenaline, 101 
ammonia, 589 

arterial blood pressure, 393 
carbohydrates used, 289 
C0 2 , 193 

m severe muscular, 260 
cardiac, changes, 202 
central effects, 202 
fat used m, 289 
heart s output, 148 
higher centres, 203 

intramuscular and capillary pressure of 0 2 , 284 
lactates, 51 

lactic acid in severe muscular, 260 
on alkali of blood, 260 
on capillaries, 201 
on circulation, 201 3 
on coronary circulation, 206 
on C0 2 content of blood, 290 
on diuresis, 554 
on excretions, 504 5, 507 
on heart rate, 185, 188 
on Henng Breuer reflex, 268 9 
on hyperglycsemia, 512 
on insulin secretion, 509 
on Marey s law, 193 
on respiratory centre, 265 
on respiratory quotient, 52, 289 
on spleen, 225 

on stomach movement, 491 2 
on temperature, 52 3, 202 3, 608 
on tissue 0 2 and CO 2 , 2b2 
on total ventilation, 239, 270 
on urine, 52 
on venous return, 180 
on white blood corpuscles, 362 
“ oxygen debt, ’ 51, 289 
oxygen want m, 198 
recovery period, 289 

reinforcement of sympathetic during, 101 
respiration increased, 265 
“ second wind, 290 
severe, adrenaline in, 202 
stiffness after, 220 

sympathetic and parasympathetic activity, 100 
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Exercise 

Exercise — continued 

theory of secretion of epithelium of pulmonary 
alveoli during violent, 260 
urea, 5S9 * 

vascular changes, general and local, 201 2 
Expiration, 238-4, 286 

forced, on circulation (Valsalva s experiment), 281 
movements of, 284, 286 
Expiratory centre, 263, 267 
Expired air, composition of, 240 
collection of, 241 8 
Extractives of blood plasma, 366 
Eye, the, and vision, 813 et eeq 
accommodation, 827 30 
adaptation, 889 
an optical instrument, 822 7 
cerebellar disease on, 694 
defects in, 880 et seq 
emmetropic (normal), 880 1 
examination of, 842 3 

functions of, in posture and equilibrium, 686 7 
index of refraction, 824 

movements, co ordination of, m cerebellum, 645 
compensating, 696 6 
m response to sound, 806 
optical axis, 824 
photo chromatic interval, 889 
reduced schematic, 824 
refraction m, 828 
visual axis of, 824 
Eyeball, anatomy of, 814 22 
blood-vessels of, 822 
innervation of, 99 
Eyelashes, 818 
Eyelids, 813 


F. 

Faeces, 481 2 

parasympathetic fibres of, 99 
Fainting, 179, 192, 207, 665 
Fallopian tubes, 898-4 
Faraday, extra current of, 26 
Faradisation, 87 
Fat (fats), 308 5 
absorption of, 478 80, 689 
absorption by lacteals, 476 
blood , 518 14 
calorific value of, 515 
character of, in fatty degeneration, 807 
chemical constitution of, 804 
compared with carbohydrate, 615 
decomposition products of, 805 
depots, 514 

desaturation in liver, 616 
digestion of, 466 7 
by bacterial action, 468 
emulsification of, 462 
formation of, 506 
in bile, 685 

in blood during digestion, 479 
in blood plasma, 856 
m faeces, 482 
m meats, 417 

m milk (human and cow s), 412, 418 
m muscle tissue, 55 
m white corpuscles, 865 
katabolism of, 504 
loss during starvation, 627 
metabolism of, 513 17, 584 
of vegetable foods, 418 
on gastric secretion, 452 
on respiratory quotient, 288 
origin of, 518 
oxidation of, 515 
heat produced m, 384 


Final Common Path 

Fat — continued 
protein sparer, 528 

solubility of atmospheric gases in, 298 
storage of and utilisation, 514 15 
use of in exercise, 289 
Fatigue, 87 90 
artificial, 87 
blood m, 90 
brain and C N S m, 89 
chronaxie of muscle m, 27 
in decerebrate animal, 684 
m muscle, S7 
m reflex arc, 676 
m rigor mortis, 56 

in voluntary contraction of muscle, 27 
in voluntary movement, 89 90 
nature of, 89 90 
rest pauses, 90 
seat of, 89 

Fehling s solution, 581 
test for glucose, 800, 674 
m urine, 574 5 
test for lactose, 801 
test for maltose, 801 
Fenestra ovalis, 799 
rotunda, 799 

function of, in hearing, 807 
Fermentation, 887 
test for glucose, 300, 674 
Fertilisation, 904 5 
Fever, 607 8 
heart rate m, 185 
on skm colour, 209 
Fibres, muscle, in contraction, <89 
contractile substance in, 14 
nuclei in, 17, 18 
of arterial wall, 118 

of aunculo ventricular bundle and node, 138 
of heart, 18 

of striated muscle, structure of, 14 17 
Cohnheim’s areas, 15 
Dobie s line, 15 
Hensen s line, 15 
inhibitory impulses, 90 
Krause s membrane, 15 
of vense cavse and pulmonary veins, 114 
sarcomere, 15 
sarcoplasm, 15 
sarcostyles, 14 
sarcous element, 16 
of walls of veins, 114 
plain, 18 19 
of coats of veins, 114 
Purkinjes, 18, 188 
red, voluntary, 17 

Fibril (saroostyle), of muscle fibre, 14 16 
Fibrillation, auricular, 128, 140 2 
ventricular, 142 
Fibrin, 849 52 
digestion of, 465 
by trypsin, 461 
of blood, 809 
of blood plasma, 868 
of lymph clot, 217 
pancreatic juice on, 414 
Fibrinogen, 851, 
coagulation of, 354 
of blood, 809 
precipitability of, 854 
Fick s manometer, 166 
Fillet (lemniscus), 686, 689-40 
Filtration, in the body, 881 
in lymph flow, 218 
of fluids, 881 

through capillary walls, 218 
Final common path, principle of, 698 701 



INDEX 


949 


Fissure 

Fissure, an**” -1 or f soi’-V 618 
external , :n i i jt 4 > a jS 
of Rolando (central fissure), 668 
of Sylvius, 658 
posterior, of spmal cord, 618 
primary (sulci), 653 
secondary (sulci), 653 
(sulci) of cerebrum, 651 
Flecbsig, tract of (dorsal), 626 
method tor studying functions of brain, 659 
et seq 

myelogenetic cortical fields, 660 1 
Flour, 417 8 

Fluoride, on blood clotting, 851 
Flutter, auricular, 140 1 
Follicles, Graafian, 890 
so 1 *-a^ * n g r'cc J 481 
o' a m cn , iJj 
Fontana, spaces of, 817 
Food, 411 20 
absorption of, 475 82 
adjuncts to, 419 20 
biological value of, 898 
calorific values of, 980 
cooking of, 419 
on heart rate, 144 

physiological heat Value, 884 5, 604 5 
proximate principles, 411 
Foramen of Magondie, 060 
of Monro, 606 
Foramina of Luschkn, 066 
Formatio reticularis, 680 
Fossa ovalis, 109 
Fovea centralis, 817, 821, 839, 842 
Franck's cannula, 108 
F-a Ik's r' f er, 129 
1 -a u i o - 1 1 es, 809 
I e<‘ a * g u muscle contraction, 42 
t-o n ca’- * (v-i" , 184 
heart of, 128 4 

propagation of heart beat, 186 7 
FrohlU h’s syndrome (adiposity), 875 
Fnutoso (lcevuloBfi), 297, 298, 299, 800, 801 
(‘Olivers ion by liver, 476 
in urine, 574 

test for liver efficiency, 476 
hruits, constituents of, 420 
Fundus glands, stomach wall, 447 
Fundus of eye, examination of, 841 
Fungi, in urine, 571 
1* unlculi of nerve fibres, 71 
Funiculus cuneatus, 685 
Funiculus gracilis, 635 
Funiculus solitarius, 686 
Furfuraldehyde, 536 
Fuscln, black pigment of retina, 888 


G 

Gadd, manometer (endocardiac pressure), 129 
Galactogogues, 876 
Galactosides, 806, 307 
of nerve tissue, 79 
Galactosej 298, 299, 800, SOI 
conversion by liver, 47 o 
Gall bladder, functions of, 538 
post moitem, 585 
plain muscle of, IS 
Gall stones, 806 
formation by cholesterol, 589 
Galton s whistle, 808 

Galvani, his work on animal electricity, 48 4 
Galvani s “ contraction without metals,” 49 50 
Galvanism, principle of, 44 


Gennari, Line of 

Galvanometer, Emthoven s string, 45 
Gametes (reproductive cells), 888 
formation of, 895 

Ganglion (ganglia), cells (involuntary muscle), 69 
layer of (retina), 818 
Basal, 650 
blood supply of, 651 
function of, 774 
Bidder s, 186 

“chain of vasomotor,' 98 
ciliary, 99 
coccygeal, 94 
coeliac (solar), 94 
collateral, 94 

Gassenan, nerve cells of, 68 
inferior cervical, 94 
inferior mesenteric, 94 
Langley’s, 489 

lateral chain of cells, stations of, 98 
developed from embryonic neural crest, 101 
of Scarpa, 690 

otic, spheno palatine, sublingual, submaxil 
lary, 99 

posterior root, 101 

prevertebral, 94 

Remak’s, 190 

sacral, 100 

spheno palatine, 99 

spinal, 672 

spiral, 804 

stellate, 94 

sublingual, 440 

submaxillary, 99 

superior cervical, 94 

superior mesenteric, 94 

sympathetic, definition, 71, 94 

terminal, 100 

vasomotor, 98 

Gas (gases), carnage by the blood, 261-2 
estimation of, m blood, 248 et seq 
in intestine, 468 

interchanges m tissue respiration, 283 et seq 
of the blood, 247 62 
analysis of, 248 
quantity and tension of, 258 
of the cerebro spinal fluid, 666 
on peristalsis, 490 
partial pressure, 248 
principles of analysis of, 248 
rate of exchange in an organ, 285 
relation between quantity and tension, 253 
solution in water, 247 et seq 
tension m fluids, 251 ef seq 
total exchange of, 288 
total pressure, 248 
Gaspmg, production of, 263 
Gastric acidity, limitation of, 455 6 
Gastric contents, analysis of, 930 
Gastric juice, 447 56 
action of, 454 6 
antiseptic properties, 467 
composition, 450 
enzyme action, 889 
Becretion, mechanism of, 451 3 
investigation of, 449 et seq 
Gastrin, 452 

Gay Lussac s law for gases, 331 
“ Gel, 887 

formation in blood clot, 352 
Gelatin, 810, 525 
cleavage products of, 819 
digestion of, 465 
of muscle tissue, 55 
of soup, 419 
Gelatmose(s), 815 
Gennan, line of, 658, 719 
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GENU 


Genu, of internal capsule, 651 
Gianuzzi, crescents (demilunes) of, 488 
Gland (glands), activity of, 431-4 
cardiac, 447 8 
caTotid, 879 
cells, function of, 427 
ceruminous, 697 
coccygeal, 879 
Oowper s, 647, 901 
function of, 901 
endocrine, character of, 861 2 
on growth, 918 
function of, 1 
gastric, 425 
haemal, 226 
lymphatic, 226 
hsemolymph, 226 
lachrymal, 813 
lymphatic, 216 17 
mammary, 414 16 
fat in 803 

Meibomean (tarsal), 818 
mucous, mucin of, 810 
of trachea, 230 

of alimentary canal (secreting), 425 6 

of Bowman, 792 

of Brunner (duodenum), 425 

of Ebner, 787 

of large intestine, 426 7 

of Littrd, 547 

of nose and mouth (innervation of), 99 
of small intestine, 425 
oxygen pressure m, 284 5 
parotid, 440 1 
pineal, 879 
prostate, 647, 901 
pyloric, 447 8 
salivary, 487 9 
histology, 483 4 
vasodilatation of, 198 9 
sebaceous, 596 7 
secretory, sympathetic on, 101 
sublingual, 440 
submaxillary, 489-40 
oxidation and activity, 285 6 
stimulation of constrictor and dilator fibres, 
199 

suprarenal, 868 78 

medulla, developed from embryonic neural 
crest, 101 
sweat, 597 
m exercise, 202 8 
in psychogalvanic reflex, 203 
innervation of, 98 
thymus, 878 9 
thyroid, 863 7 
Gliadra, 418 

cleavage products of, 819 
Glisson s capsule, 582 
Globin, of haemoglobin, 808, 367 
Globuhn(s), 809 

action on, of alcohol, ammonium sulphate, 
caustic potash, copper sulphate, heat, 
nitric acid, and difihsibility of, 315 
denaturation of, 814 
heat coagulation, 312 
of white corpuscles, 865 
precipitation of, 818 
Glohulose, 814 

Glomeruli (Malpighian corpuscle), afferent and 
efferent vessels of, 645, 547 
Sanction of, 549 51 
olfactory, 798 
Gluco proteins, 810 11 

Glucose (dextrose or grape sugar), 297, 298, 299, 
800, 801, 802 


Guanidine and Paratearoid 

Glucose— continued 
absorption by large intestine, 480 
current carbohydrate of body, 505 
dunng muscle contraction, 51 
imperturbability of cells to, 882 
in cerebro spinal fluid, 666 
m hypoglyceemia, 609, 584 
m Locke’s solution, 154 
in muscle tissue, 55 
in urine, 574 
mobilisation of, 510 12 
controlled by sympathetic, 101 
of blood, 476 
on consciousness, 758 
on heart beat, 154 
on respiratory quotient, 288 
production m small intestine, 475 
substrate of zymase, 889 
Glutathione, 286 7 
Gluten, 418 
Glutenm, 418 
Glycerol (glycerine), 804 5 
a stimulating agent, 28 
m lecithin, 614 
of fat absorption, 479 
Glyceryl, radical, 804 
Glycme (glycocoll), 816, 526 
from globulins, 809 
m j8 oxidation, 616 
m urine, 576 
of glutathione, 287 

percentage m cleavage products of various 
proteins, 819, 820 

Glycocholate of sodium m bile, 685, 586 
Glycogen (animal starch), 207, 299, 803 
break down of, 51 
disappearance m rigor mortis, 54 
formation of, 506, 508 
in digestion, 334 5 
m muscle contraction, 51 
of aunculo ventricular bundle, 138 
of muscle tissue, 55 
of white corpuscles, 865 
Glycogenase, 808 
Glycogenolysis, 511 
Glycocoll (glycine, q v ) 

Glyconurates, 574 
Glycosuria, 507, 510, 877 
Glycyl glycine, 820 
Glycyl leucine, 820 

Gmelm’s test for bile pigments in urine, 576 
Goblet cells, mucm of, 310 
Goitre, exophthalmic, 865 
relation to iodine want, 402 
Golgi, bodies of spermatozoon, 890 
chromate of silver method, 69 
Goll, column of, 621 2, 625 
Gowers, tract of, 626 
Granulose, 802 
Grape sugar (glucose, q v ) 

Gravity on circulation, 203 4 
Grey matter (nerve-cells), 617 
chemistry of, 78 9 
of cerebellum, 6, 643 4 
of cerebrum, 656 et seq 
of spinal cord, 618 19 
Grey rami, 94 
Growth, 523 4 

and maintenance of body, 525 et seq 
and repair of body, 917 29 
local, 917 
power of, 7 

synthesis of food during, 525 
thyroid on, 864 6 
Guanase, 621 

Guanidine and parathyroid, 868 
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GU ANINI 1 

Guanine, 811, 521 

Gyri (convolutions) of cerebrum, 658 


H 

“ H ” (histamine like) substance m vasodilatation, 
108 

Habit, 70 i 

H i \ ^homa Zeiss, 35S 

II < . 

H I rr . ’’V . gUnds, 226 

it t < i k i photo , Cybulaki’s, 176 6 
Hi S " 

m sweat, 6(30 
Hicraatogans, 811 , 800 
Iln matoidin, 868 
Hspmatoporphyrm, 80 S, 501 
Ha matoflcope, Herrmann’s, 870 
Ha matoxylin, use of, 8 
Himautograph, 171 
Ha min, 807 
H i moohromogon, 807 
Ha modrumomcl u , 1 74 
Hu,mod>namometei, JUG 
Hemoglobin, ailinity for CO, 298 
association of, 254 
chrorno protein, 810 
colour index, 867 
composition, 857 
< ompounds, SOS 0 
content of blood, 1)80 
cryatall isability, 814 
definition, 253 
dissociation curve of, 254 6 
estimation of, 858 ') 
function, 268 

increased at high altitudes, 291 
of blood, 857 

of red corpuscles, 355, 800 7 
of red muscle plasma, 56 
on skin colour, 203 
origin of, 860 
protein of, 808 
quantity in blood, 268 4 
reduced, 264 ct q 
definition, 264 
Himoglobinometer, 868 9 
Ha moglobinuria, 875, 575 
He to rr? v h a 1 220 

Ha pig \s s ~ ) 

A -u< -c ^ o' 2 0 
Hiumolysis, 850 
nature of, 879 
Hmmopyrrol, 8(>8 
Hiemorrhago, eilects of, 205 e* seq 
cerebral, 200 
into the pons, 70S 
of parturition, 912 

on blood pressure, kidney volume, renal vessels, 
550 

on brain surface, 715 
on consciousness, 75S 
on depressor rdhxes, 103 
on skin colour, 20S 
vonous return m, 180 
H cmosiderin, 861 
Hair, 694 5 
and vitamin B 2, 40b 
erection by adrenaline, 871 
by sympathetic, 101 
loss during starvation, 527 
organ of touch, 785 

Haldane, method ol investigating metabolism, 
BBS 9 


Heart 

Haldane, apparatus for blood gas estimation, 
248 9 

analysis, 248-4 

Hales, Rev btephen, work on blood pressure, 162 
Hammerschlag s method for specific gravity of 
blood, 847 
Hamulus, 802 
Haptophor groups, S7G 7 
Harvey, discoverer of circulation, 121 sqq 
Hassall, concentric corpuscles of, 878 
Hausmann’s method of protein analysis, 820 
Haversian canals (bone), 921 
Hay’s sulphur tests (bile salts in urine), 575 
Hearing, 799 809 
physiology of, 805 8 
Heart, 107 10 

accelerator mechanism, 185 cf seq 
control of centie, 187 8 
acetyl choline m, 108 
adrenaline on, 154 
afferent fibres, 102 
apex beat, 183 
Bainbndge’s reflex, 202 
beat, cause of, 185 6 
myodromic propagation, 136 
block, nature of, 18S 
block, partial, 187 
vagus stimulation on, 191 
bundle of Hw, 187 
cardiac cycle, 127 31 
cardiac reserve, 150 
cardiac sphincter m vomitmg, 492 
cardiograms, 134 5 
chambers, 109 
chloroform on, 194 5 
coefficients of oxidation, 28b 
compensatory pause, 140 
conduction m, 186 8 
contraction, rhythmical, myogenic, 130 
secondary, 50 
wave of, 13b et seq 
control, 185 95 

coronary vessels, function of, 152 
current of action, 187 
diastole, 127, 128 
sound, 182 8 

disease on vital capacity, 289 
drugs on, 394 5 
efficiency of, 150, 181 
electrical records of, 142 4 
drugs on, 194 
endocardiac pressure, 129 
enfeeblement at high altitudes, 293 
excised mammalian, 158 4 
excitation wave, 148 
extra systole, 140 
filling, 128 

fluttei and fibrillation, 140 2 
frequency of action of, 144 5 
foetal, blood m, 109 
rhythm m, 00, 185 
sinus of, 124, 137 

t" 184 

piopagation of beat, 186 7 
gaseous exchanges m, 151 2 
hypertrophy, 150 
in asphyxia, 283 

in exercise, nervous control, 100 
inhibitory mechanism, 161 2, 185 et seq 
innervation, 99 

lung preparation (output), 146 
to measure coronary circulation, 206 
of frog, involuntary muscle, 59 
muscle, refractory period in auricular flutter, 
141 
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Heart 

Heart — continued 
nutrition, 152-4 
of birds, 124 
of frog, 128 4 
of reptiles, 124 
of worms, 128 
output, 145 50 
m exercise, 149, 202 
measurement of, 149 
on blood pressure, 200 
resting, 149 
pace maker, 187 
parasympathetic on, 101 
perfused, vagus stimulation, 103 
pericardium, 150 
physiology of, 127 55 
plethysmograph, Schafer s, 152 
post mortem rigidity of, 61 
rate, chemical control of, 198 5 
compared with respiration rate, 146, 240 
control of, 185 
gravity on, 204 
m severe exercise, 202 
influence of, on output, 148 
parasympathetic on, 101 
relation to Bainbndge reflex, 202 
to blood pressure, 148 9, 193 
to O 2 consumption, 151 
to pulse, 169 

to time of complete circulation, 177 
resting, 930 
sympathetic on, 101 
refractory period, 140 
right lateral bundle, 187 
secondary contraction, 50 
section of a/v bundle, 138 
sounds, 132 3 
Starling’s law, 148 
structure of, 107 10 
systole, 127 8 
sound, 132 S 
vagus on, 189 
valves, 109 10, 128 
venous inflow and return, 148 9 
wave, propagation of normal, 138 
work of, 151 2 

Heat, changes m muscle conti action, 52 et seq 
effect on respiration, 269 
evolved in muscular activity, 286 
evolved in rigor mortis, 54 
initial, of muscle contraction, 54 
loss by body, 605 6 
on metaprotems, 814 
on peptone*, 815 
onproteosis 815 
production of, m body, 605 6 
“recovery ’’ m contraction of muscle, 51 2, 54 
rigor, 84, 56 
spots, 786 8 

Heat coagulation, definition, 818 

Heidenbain’s lymphagogues, 219 

Helicotrema, 802 

Helmholtz, method of measuring velocity of nerve 
impulse, 83 
wire, 25 

Helweg, bundle of (olivo spmal tract), 625 

Hemianopsia, 719 

Hemiplegia, 768 
unilateral sweating m, 599 

Henle, layer, 595 
loop and tubules of, 544 
sheath of, definition, 71 

Henry Daltons law for partial pressure of gases, 
881 

Hensen's line, 15 

Heparin, on blood coagulation, 351 


H\ DROLY8IS 

Henng Breuer reflex, 267 
Herpes (shingles), cause, 108 
Herrmann’s hsematoscope, 870 
Hexahydric alcohols, 298 
Hexone bases, 818 
of protamine decomposition, 808 
Hexose diphosphate, breakdown product of 
glycogen, 51 

Hexoses See Monosaccharides 
Hexose phosphate, (Lactacidogen), m muscle 
contraction, 51 

in carbohydrate breakdown, 506 
Hexyl alcohol, oxidation of, 804 
Hiccough, 278 
Highmore, body of, 886 
Hill (A V ), thermopile, 58 
hot wire sphygmograph, 172 
Hilus, of spleen, 228 
of lymph gland, 217 
Hippurates, in urine, 568 

His, bundle of (Kent’s bridge, aurioulo ventri 
cular bundle), 137 

Histammase (enzyme), absent from skin, 179 
Histamine, formation, adrenaline on, 878 
in digestion, 468 
from histidine, 818 
m capillaries, 199 
liberated m vasodilatation, 199 
on arterial pressure, 180 
on capillaries, 179 
on gastric secretion, 462 
on peripheral resistance, 160 
Histidine (imidazole ammo propionic acid), 818, 
468 

importance of, 525 

in blood dunng protein digestion, 478 
Histones, 808 9 
digestion of, 465, 466 

Holmgren s worsteds, test for colour blindness, 
849 

Hopkms, test for lactic acid, 472 
Hormone, definition, 861 
perfusion expenments with, 198 
Humour, aqueous, 815, 821 
vitreous, 815, 822 
Hunger, 747 8 

Hiirthle manometer (endocardiac pressure), 129* 
166 

Hutchmson’s spirometer, 287 
Huxley s layer, 595 
Hyaline cartilage, 918 
Hyaloplasm, definition of, 2 
in amoeboid movement, 8 
m ciliary movement, 10 
m muscular movement, 16 
Hydrobilirubin, 637 
Hydrocele fluid, 858 
Hydrogen, acceptor and donator, 287 
constituent of proteins, 807 
heat produced by, 384 
in reduction of oxyhsemoglobm, 287 
removal m oxidation, 287 
Hydrogen ion concentration (pH), 585 6 
determination of, 586 

maximum effect as respiratory stimulus, 265 
of blood, 52,257, 586, 930 
of gasti ic juice, 455 
at high altitudes, 292 
on respiration, 265 6 
on tissue nutrition, 155 
of urine, 561 2 

optimum for enzyme activity, 841 
Hydrogen peroxide, oxidising agent, 516 
Hydrolysis, an isothermic action, 842 
an enzyme activity, 889 
equilibrium point, 334 
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Hydrolysis 

Hydrolysis — continued 
of albumins, 809 
of bilo acids, 580 
of cane sugar, SOO 
of dextrines, 802 
of g^buliris, 309 
of lactos' , 801 
of protamines, 808 
of protein, 814 15, 624 
of sucrose, 801 

Hydroxyphonyl ethylamine, of tyrosine digestion. 
468 

IT -'a 502 

Ji% *», i i n ,510 

produc ed by adrenaline, hyperthyroidism, 
pituitary, 877 
HypcrmetropiU, 832 
Hyperpituitarism, 876 
Hyperpmna, in asphyxia, 281 
produced by increased pH of blood, 587 
Hyperthyroidism, 805 
produces hyperglycemia, 512 
Hypobromite method (estimation of urea), 579 
Hypoglyca mia, 608 9, 584 
Hypopituitarism, 875 
Hypothalamus, 607 
furu tions of, 778 
Hypothyroidism, 805 
Hypoxanthirm, formation, 521 
ot blood plasma, 856 
of muscle tissue, 55 


I 

Illusion, 745, 856 7 

Immune body, 877 

Immunity, 870, 874 80 

Incus (anvil bone), 799 800 

Indican (indoxyl sulphate of potassium), 670 

Indigestion, 491 

Indigo in sweat, 600 

Indole, 817 

conversion into indoxyl, 670 
ring, 817 
Indoxyl, 570 
Infection, 888 

on white blood corpuscles, 362 
Inference method (tension of gases in blood), 252 
Iniiammation, on skin colour, 209 
Infundibulum of bronchial tube, 282 
Injury, current of, in muscle, 47 
Inoculation, curative and protective, 875 
Inosital (inosite), of muscle, 55 
source and description, 808 
Inspiration, of nerve, 288-4 
the first, 271 

Inspiratory centre, 268, 267 
Insula of cerebrum, (Island of Red), 658 
Insulin, 459 
adrenaline on, 871 

control of carbohydrate metabolism, 507 
nature of action of, 508 
on ki tosis, 517 
preparation, 507 8 
secretion, mechanism of, 509 
Intercostals, movements in respiration, 234 5 
Intestine (intestines), digestion m, 459 08 
importance of vasomotor changes, 197 8 
largo, absorption of food in, 475, 480 1 
functions of, 480 2 
movements of, 494 7 
loss during starvation, 527 
small, absorption of food m, 475 6 
innervation of, 99 100 
movements of, 493 4 


Kidney 

Intravitam staining, 908 9 
Inulin, 299, 802 

Inversion, form of hydrolysis, 300 
of cane sugar in alimentary canal, 300 
Invertase (sucrase), 464 5 
enzyme of yeast cells and intestinal juice, 839 
on sucrose, 801 

Involuntary (plain) muscle See Muscle 
Involution of mammary glands, 416 
Iodine, importance of, in food, 402 
in thyroxine, 866 
on dextrins, 802 
on starch, 802 

reactions with glycogen, 80S 
Iodo acetic acid, on muscle contraction, 51 
Ion, definition, 825 6 
Ionic reactions, 885 
Ins, 815 16, 828 
angle of, 817 
functions, 885 
plain muscle of, 18 
Iron, deficiency m milk, 418 
m fseces, 482 
necessity of, 402 
of chromo proteins, 810 
of nucleo proteins, 811 
storage m spleen, 224 
Irradiation (vision), 833 
Irritability See Excitability 
Islets of Langerhans, 459, 507, 861 
Iso amylamine, from leuemo, 468 
Isocholesterol, 597 
in sebum, 807 
Isomendes, 298 

Isometric method, for measuring muscular work, 
84, 41 

Isometric phase, m ventricular systole, 180 
Isotonic method, for measurmgmuscular work, 41 


J 

Jacksonian epilepsy, 715 
Jaundice, 482, 587 

Joints, in posture and equilibrium, 686 
Joint sense, 741 


K 

Karyokmesis, 864 5 
Katabolic nerves See Sympathetic 
Katabolism, 508 
Katelectrotonus, of nerve, 86 
Kat ions, S26 

Kent s Bridge (bundle of His, auriculo ventricular 
bundle), 137 
Kephalm, 807 
of nerve tissue, 79 
Keratin, 810, 598 
cleavage products of, 819 
of sweat, 599 

Ketone(s), oxidisation product of secondary 
alcohol, 298 
Ketosis, 298, 516 17 
of diabetes mellitus, 518 
Kidney (kidneys), 548 55 
and amino acids, 517 
at high altitudes, 291, 292 
efficiency, 555 
enzymes of, 466 
excretion, of alkali, 291, 292 
of 00 2) 260 
of disaccharides, 476 
extiipation, 558 4 
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Kidney 

Kidney — continued 
functions, 647 9 

m maintaining Wood volume, 218 
in neutralising acid of blood, 588 9 
inositol of, 808 
loss during starvation, 527 
nerves of, 554 5 
pbloridzin on, 510 
pituitary on, 876 
renal circulation, 111 
secretion, 218 
control of, 654 5 

Kjeldahl s method (nitrogen of piotem), 820, 579 
Knee jerk, 679 80 
m cerebellar disease, 694 
in lesions of nerve tracts, 681 
KoTotkow s sounds, 167-8 
Krause, end bulbs of, 742 
membrane of, 15 16 
Krogh s bubble aerotometer, 261 
method of studying metabolism, 8S7 
recording spirometer, 288 
tonometer, 251 

Kuhne, investigations on Dobie’s line, 15 note 
Kupflfer cells, 361, 362, 538 
Kymograph, 168 


L 

Labyrinths, 690 1, 800 1 
m equilibrium and posture, 687 8 
Lactacidogen (hexose phosphate) m muscle 
contraction, 51 
Lact albumin, 809, 412 
Lactase, absence from pancreatic juice, 464 
a disaccharme, 889 
of succus entencus, 465 
Lactates, increased output m exercise, 51 
in oxygen debt, 289 
Lactation, 415 
on fat metabolism, 514 
relation to corpus luteum, 902 
secretion of milk, 458 
Lacteals, definition, 213 
function in food absorption, 424 
in fat absorption, 475, 478 
Lactose (milk sugar) dextro rotatory disacchaiide, 
297,299,801, 413 
m urine, 574 
of milk, 412 

Lsevulose See Fructose 
Lamella of bone, 921 
Lamina cribrosa, 818 

inner cell (polymorphic layer) of cerebrum, 657 
middle cell (granular) of cerebral cortex, 657 
outer cells of cortex, 655 6 
Lamma, spiral, 802 
superficial of cerebral cortex, 655 
Langerhans, Islets of, 459, 507, 861 
Lanolme, iso cholesterol of, 807 
Laryngismus stridulus (spasmodic croup), 278 
Laryngoscope, 780 
Larynx, 229, 779 
effect of blow on, 192 
movements in swallowing, 487 8 
m respiration, 287 
Latent period, in contracture, 87 
of muscle contraction, 88 4 
Law, All or None, 84, 139 
Fechner s, 726 

of Airhemus and enzyme action, 341 
of Specific Nerve Energies (Muller s), 727 
of fluid pressure, 159 
of Mass Action, 384 5 
of the Heart, Starlings, 148 


Living Test Tube 

Laiy — continued 
Ritti Valli, 77 
Weber s, 726 
Lecithides, 879 
Lecithin, 807 
composition of, 514 
in bile, 585 
m faeces, 482 

in metabolism of fats, 518 14 
m spleen, 224 
of milk, 413 
of nerve tissue, 79 
of red corpuscles, 366, 879 
Leech extract, an anticoagulant, 851 
a lymphagogue, 220 

Leeuwenhoek, observations on circulation, 122 
Lemniscus See Fillet 
Lens, crystalline, 815, 816 17, 822 
Leucme (a amino isobutyl acid), 810 
digestion of, 468 
in pancreatic juice, 461 
in urine, 572, 676 
of trypsin digestion, 461 

percentage m cleavage products of various 
proteins, 319 20 

Leucocytes, eosinophile, 868, 365 
function of, m fat absorption, 480 
m fat metabolism, 514 
large mononuclear, 862 8, 865 
polymorphonuclear, 868, 865 
transitional, 868, 865 
Leucocytosis, 865 
Leucyl alanine, 820 
Leucyl glycyl alanme, 820 
Levator palpebrse superions, 818 
Levatores costarum, function in inspiration, 235 
Lieberkuhn, crypts of, 425 
Liebermann Burchard, reaction (cholesterol), 807 
Ligament, spiral, 802 
Ligamentum pectmatum iridis, 817 
T ™ 1, 836 

(" i on fats, 805 
activity of, 471 
a lipolytic enzyme, 889 
function m fat digestion, 479 
of gastnc juice, 454 
of pancreatic juice, 460, 462 
Lipide(s), 305 7 
definition, 514 
of cells, 379 
of milk, 413 
of nerve tissue, 79 
of protoplasm, 2 
of spleen, 224 
Lipochrome of milk, 413 
Lissauer, tracG of, 627 
Littre, glands of, 547 
Liver, 531 9 

and ammo acids, 517 18 
and urea formation, 520 
capillaries, lymphagogues on, 219 
desaturation by, 516 
detoxication by, 535 
fat, character of, 515 
composition of, 506 
functions, 534 5 
glycogen, 808 
m fat metabolism, 516 
m mobilisation of glucose, 511 
inositol of, 808 

kevulose (fructose) test for efficiency, 476 
loss during starvation, 527 
lymph, protein of, 219 
portal circulation, 111 
seat of creatinine formation, 566 
Living test tube, 358 
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Load, effect of, on muscle work, 42 3 
on muscle t ontraction, 34 
Xjobos of f nrebium, 0o8 4 
of pitu { tan body, 874 

f ll’S, 2*2 

I (do » soml ion, 154 M 

Locomotor ataxy, degeneration of nerve roots, 697 
absence ot reflexes, 680 
Loewonthal, tract of, 625 
Loudness of musical sounds, 788 
Lovt n refl<«, 190, 201 
Ludwig, Carl, kymograph, 168 
stromt hr, 174 
Lungs, Wood hupply, 112 
capacity oi, 239 

( o operation with kidneys, 54/ 
elastic traction ot, 128 u 

elasticity of and atmospheric prissure, 281 - 
functions, 229 

gaseous exchange in, 260 et 8tq 
loss during starvation, 527 
'TO\f*T**V i ‘ np^'^c 284 

oa- .» ’ on respiration, 

267, 268 

structure of, 231 2 M 

voh mo and pressure of LOj ana 
Lumiaof i ills, 694 
Luschkft, formamina of, 666 
Lymph, 217 
ntpillarles, 218 14 
definition, 218 
flow, 217 18 
formation of, 218 20 
glands, 216 17 
path, definition, 210 
in the liver, 219, 588-4 
in tissue respiration, 284 
on blood volume, 218 
osmotic pressure of, 220 
pericardial fluid, 108 9 
protein breakdown, 888 
relationship to blood, 218 
sinus, definition, 214 15 
tissue of alimentary canal 424, 

Lymphagoguos, definition and function, 219 20 
Lymphatic glands, 213, 215 17 
increase after removal of spleen, 223 
Lymphatic system, 218 20 
Lymphatics (lymph vessels), 218 
afferent arid efferent, 216 17 
In nerve degeneration, 77 
involuntary muscle of, 18 
origin and structure of, 218 14 
plain muscle of, 18 
Lymphocytes, 862, 864 5 
activity during digestion, 476 
definition, 217 
formation by spleen, 223 
of cerebro spinal fluid, G67 
Lymphoid tissue, 216 
Lysine (diammo caproic acid), 318, o7o 
an essonti il ammo acid, 525 


Macrophages, 862 
v - t »- * c a •* ^s 794 
M (, \ * spot), 817, 818 

Magnesium in urine, 562 

m fttces, 480, 482 
Magendie, for mien of, 666 
Malleus, 806 / 

funotion ot, 092 ... . l2 o 

Malniahi discovi rer of capillaries, 
Malpighian corpuscles See Glomerulus 
Malpighian layer (rete mucosum), 598 


Metabolism 

Maltase, a disaccharase, 889 
of succus entencus, 465 
Maltose (malt sugar), 299, 801, 802 
m digestion of starch, 442 
Malt sugar See Maltose 
Mammary glands, 414 16 
fat m, 808 
Mannitol, 298 
Manometer, definition, 159 
Fick’s, 165 
Frank's, 129 

Hurtlile’s and Gadd s (endocardiac pressure), 129, 
166 

mercunal, 168 5 
Piper’s, 129 
Wiggers’, 129 80, 166 
Marcm’s reagent, 79 
Marey s Law, 198 
Marey’s tambours, 129, 184 5 
Marrow, 920 
fat m, 808 

red bone, activity at high altitudes, 292 
activity m hemorrhage, 205 
hypertrophy of, 223 
polymorphs in, 865 
red corpuscles in, 860 
yellow, severe hemorrhage on, 205 
Martin’s sphygmometer, 167 
Martmotti’s cells, 657 
Mass Action, law of, 3S4 5 
Mastication, 486 7 
Meat, as food, 416 17 
constituents of various, 417 
in a dietary, 899 
Meatus, external auditory, 799 
Mediastinum testis, 886 
Medulla oblongata See Bulb 
Medulla, of lymph gland, 215 16 
of suprarenal, 868 
development of, 872 

Megakaryocytes (giant cells) of marrow and spleen, 
864 

Meissner, nerve plexus, 100, 424 

m control of alimentary canal, 49S 9 
corpuscles, 788 
for touch sensations, 784, 742 
Melanin, 888 

Membrana granulosa of Graafian follicles, 890 
Membrana limitans externa (retina), 819, 821 
Membrana limitans interna, 818 
Membrana tectoria, 804 
Membrana tympana, 799, 806 et seq 
Membrane, basilar, 808 9 
of cochlea, 802 
foetal, 906 et seq 
hyaloid, 816 
of Bruch, 815 
of Reissnei, 807 
plasmatic, of cells, 886 
semi permeable, 828 
vitelline 893 
Mendel, theory of, 884 5 
Memkre s disease, 691 
Menopause, 886 
Menstruation, 886, 908-4 
Menthol, on tactile sensibility, 780 
Meta proteins, 814 
Metabolism, 888 90 
adrenaline on, 871 
basal, 889 90 
carbohydrate, 505 18 
pituitary on, 877 
relation of pancreas to, 507 et seq 
definition, 7 

endogenous and exogenous, 518 
fat, 518 17 
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Metabolism 

Metabolism— continued 
fat, enzymes in, 517 
m small animals, 144, 888-9 
intermediate, 508 28 
liver functions during, 584 5 
metabolic rate, 889 
methods of studying, 885 et seq 
nitrogenous, spleen in, 224 
nucleo protein, 520 8 
on lymph flow, 220 
on respiration, 265 
protein, 807 
end products of, 808 
purine, 520 8 
thyroid on, 805 6 
Methsemoglobm, 872 
Methionine, 818 

Methyl alcohol, oxidation of, 804 
Methyl glycine See Sarcosine 
from arginine, 818 
Methyl indole (skatole), 817 
Mett s method (proteolytic activity), 472 
Meyer Overton theory, 832 8 
Meynert, fountain decussation of, 640 
solitary cells of, 719 
Micro gas analysis, 244 
Micrococcus urece, 568, 565 
action of, 578 

Micro-organisms, anaerobic and aerobic, 388 9 
Microsmatic animals, 794 
Micturition, 655 7 
Mid brain, 612 

decerebrate rigidity m tumours of, 684 
parasympathetic nerve fibres from, 99 
section through, 688-40 
Milk, analysis, 981 
as a food, 411 16 
coagulation of, 412 18 
composition, human and cow’s, 414 
curdling, 462 
fats of, 413 
fever, 868 
lactose of, 413 
proteins of, 412 

reaction and specific gravity, 412 
salts, 418 

sour, as curative agent, 468 
souring of, 418 
sugar Jactose), 413 
Millon’s reaction for proteins, 812 
Mitral valve, leakage through, 182 
Modiolus, of cochlea, 802 
Molecular reactions, 835 
Monoacetin, 805 
Monohydnc alcohols, 298 
Mononuclear cells of blood and spleen, 861 
Monophasic variation, 48 
Monosaccharides (hexoses), 298 
Monro, foramen of, 666 
Moore s test for sugar, 800 
Moi^phine, on CO 2 content of blood, 290 
on sweat excretion, 599 
Mosso s ergograph, 89 
plethysmograph, 197 
Mountain sickness, 291 
Movement, amoeboid, 8 
ciliary, 8 10 

external agents on amoeboid and ciliary, 10 
of living organisms, 7 
of muscle, 18 

passive, recognition of, 688 
voluntary, fatigue, 89 90, 767 74 
Mucigen, 437 
Mucm(s), 810, 811 
precipitation of, 442 
secretion, 487 


MtrSOLE CONTEACTION 

Mucmogen, 437 
Mucoids, 310 11 
Mucous glands, mucm of, 810 
Mucous membrane of alimentary canal, 424 
Mucus m urine, 576 
mucm of, 810 
Muller’s muscle, 815 
plain muscle of, 18 
M iller «> fluid, composition, 79 
sustentacular fibres, 818 
Murexide test for uric acid, 567 8 
Murmur, respiratory, 286 7 
vesicular, 237 

Muscarine, on heart rate, 194 
on sweat secretion, 599 
Muscle (muscles) 
adrenaline on, 871 
and amino acids, 517 
antagonistic, 696 7 
bronchial, innervation of, 99 
cardiac, 18 

“ All or None " Law, 189 
connection of all cells, 189 
properties of, 189-40 
refractory period, 189-40 
rhythmicality, 189 
“staircase,” 189 
chemical composition of, 55 6 
ciliary, 815 
innervation of, 99 
of eye, plain muscle of, 18 
classification of, IS 14 
contraction, 81 56 
acid produced in, 50 51 
after loading, 81, 42 
,c All or None’ phenomenon, 84 
beneficial effect of previous action, 86 7 
changes m form, 31 sqq 
chemical changes 50 sqq 
creatine phosphate m, 51 
curve modifications 84 sqq 
diphasic variation, 48 
fatigue m, 89 
free weighting, 42 
glycogen m, 51 
heat rigor, 84, 56 
initial heat, 54 
lodo ascetic acid on, 51 
isometric and isotonic curve, 42 
lactacidogen (hexose phosphate) in, 51 
latent period, 88 4 
lever systems, 40 
load, influence of, 34, 42 3 
maximum tension, 48 
monophasic variation, 48 
muscle fibres m, 89 
optimum rate, 41 
oxidation, 62, 285 6 
oxygen debt in, 52 
oxygen on, 51 
phosphagen, 51 
recovery heat, 51 2, 54 
rigor mortis, 54 5 
secondary, 50 
simple curve, 88-4 
stage of contraction proper, 88 
stage of relaxation, 88 
“ staircase ” curve, 36 7 
superposition (summation) of effects and 
stimuli, 84 5 
temperature on, 84, 42 
tetanus, 87, 60 
lactic aoid, during, 284 5 
thermal changes m, 52 sqq 
twitch, time of, 34 
voluntary, 87 sqq 
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Mitsui Cowjuaoiion 

Hustle — continued 
contraction, work boat ratio, 42 
( ontiol by nervous system, 18 
co ordiutttion and equilibrium, 685 
( urarl on, 89 

< urront of action, 87, 47 
current of injury, 47 

degenerated, i espouse to stimulation, 27 
elasticity at, 40 

< loctrical phenomena of, 43 ^qq 
expiratory, 285 

fat of, 65 
fatigue, 87 

fatigue and loading, 42 3 
fibres ht p Fibre 
gelatin of, 66 
glycogen of, 808 
histology of, 18 it seq 
inositol of, 808 

in posture and equilibrium) 686 
In rigor mortis, 64 

intercostal function in inspiration, 284 5 
involuntary (plain, smooth, unstriped, un 
striated), 18 19, 69 60, 61 
coeffh lent of oxidation, 286 
contraction of, uO 
c ontrol of, 69 
innervation of, 78 
lata nt period, 60 
Mullers, 18 
nerveless, 00 
normal contraction, 60 
of spleen, 228 
of trachea, 229 
peristalsis, 69 
pituitary on, 766 

response to electrical stimulation, 24 
rhythmioality, 09 80 
rigor mortis of, 01 
stimulation by stretching, 28 
tonus, 60 

laryngeal, function in forced inspiration, 285 
loading, 42 

loss during starvation, 527 
mechanical efficiency of, 64 
Muller's, 816 

involuntary muscle of, 18 
percentage ot body weight, 603 
nh J , i , +u , Vn 8^6 7 
4 # a^n a cc ~ <j of, 56 
j-/ s f, 5 j 
-e*, * 

respiratory, 284 0 
refractory phase of, 27 
relaxation, 48 

response to increased load, 42 3 
sense, 741 

skeletal (y^ ate' 1 ot” p' 1 ' 1 ° T ' voluntary), 14 17 
a r '’f c r v ~ i 1 al ^ 
co i ’ e ' \ n ^ 

i o'rpa'e^ a z \ r'a^ (plain), 59 61 
fibres See Fibre 
motor nerve fibres, 72 
red, and pale, 16 17 
stretching on blood pressure, 198 
structure of, 18 19 
thermal changes m, 62-4 
tone, 682 et seq 
true latent period, 84 
work and efficiency of, 41 sqq 
Muscular system, function of, 1 
Muscularis mucosse, 424 
of bronchi, 280 

Musculi papillares, during cardiac filling, 129 

Mydriatics, 885 

Myelin, cholesterol of, 806 


Nerve 

Myelm — continued 

development with nerve function, 660 
of degenerated medullary sheath, 77 8 
Myelocytes, 865 
Myeloplaxes (giant cells), 920 
Myoalbumin, of muscle plasma, 56 
Myodromic conduction m heart, 186 
Myogenic rhythm of heart, 185 
Myoglobulm, a globulin of muscle plasma, 56 
Myograph, 31 2 
Myopia, 882 

Myosin (muscle clot), m rigor mortis, 54 
of meat, 416 
of muscle, 809 

Myosmogen, coagulation, 812 
of muscle plasma, 56 
Myotics, 885 
Myxcedema, 865 

N 

Nails, the, 594 

Narcosis, 759 et seq 

Narcotics, on nerve impulse, 81 

Near point (vision), 880 

Neck righting reflex, 695 

Nephritis, loss of consciousness m, 653 

Nerve ^(nerves, nervous), abducens (6th cranial), 

absence of fatigue, 82 
absolute refractory period, 82 
afferent, 65, 727 
anelectrotonus, 86 
auditory (8th cranial), 632 
autonomic, 108 
axis cylinder, 70 
axon, 67 

boneficial effect of contraction, 87 
cardiac accelerator, 96 
-cell (cells), 68 9 
bipolar, 68 

connections in C N S , 67 
current of injury, 49 
degeneration of, 68 
embryonic, 68 
multipolar, 09 
of spinal cord, 69 
nicotine on, 98 
NissVs granules, 69 
of sympathetic ganglia, 94 6 
rhythmic discharge from, 89 
stations, general arrangement, 98 
of 10th and 11th nerves, 99 
unipolar, 69 

centres for visceral reflexes, 682 

changes (chemical, electrical, thermal), 81 2 

cochlear, 804 5 

conductivity in, 81 

contracture, 87 

control, of alimentary canal, 497 9 
of capillaries, 178 
of defecation 497 
of respirations, 267 71 
of vomiting, 492 8 
cranial, 6824 
crossing, 88 
current of action, 81 

cutaneous, stimulation of, on respiration, 271 
degeneration, complete, 86 
effects of, 77 8 
reaction of, 86 7 
depressor, course of, 192 
efferent, of cardio accelerator, 185 7 
function of, 65 
electric currents on, 85 6 
end bulbs m, 788 
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Nerve 

N erve ~- co ntmued 
end plates, 72 
endings, free, 736 
m autonomic system, 103 
function of, 725 
sensory, 733 8 
tactile discs, 786 
excitability, 82 
facial (7th cranial), 682 
course of, 99 
fibre (fibres), 70 72 
afferent of heart and viscera, 102 
of posterior roots, 5S2 
amfeboid movement m, 82 
antidromic, 99 
association of cerebrum, 654 
of spinal cord, 627 
association, development of, 721 
axis cylinder, 70 
cardiac-accelerator, 96 
chronaxie, 27 

commissural of cerebrum, 654 

cortico pontine, 687 

course of, m spinal cord, 622 et seq 

definition of, 66 

degeneration, 77 8 

efferent (motor) of anterior roots, 582 
endogenous and exogenous of cord, 659 60 
fronto cerebellar, 640 
function in C N S , 67 
funiculi, 71 
growth of new, 79 
internal arcuate, 655, 636 
medullary sheath, 70 
medullated white, 70 
of sympathetic, 94 
moss, ot Cajal, 562 
motor end plates, 72 
motor to sympathetic, 94 
nicotine on, 98 
Nodes of Ranvier 71 
non medullated, 70, 72 
of abdomen, 96 

of auriculo ventricular bundle, 138 
of blood vessels, 96 
of Cajal, 645 

of cerebral cortex, 655 et seq 

of cord, myelination of, 659 et seq 

of pace maker, 138 

of parasympathetic, 99 100 

of plain muscle, 59 60 

of posterior roots, 71 

of spinal roots, 672 

of sympathetic, 94 

olfactory, 793 

optic, 817 8 

pelvic, 96 

posterior longitudinal bundle, 688 

postganglionic, 96, 99 

preganglionic, 96, 99 

primary sheath (neurolemma), 70 

projection of cerebrum, 654 5 

pyramidal, 66 7, 709 

regeneration, 79 80 

size of, 71 

sacral, 100 

septomarginal, 625 

spmo tectal, 627 

splanchmc, 96 

sustentacular, of Midler, 818 
thoracic, 96 

uncrossed cerebro spinal, 624 
vasoconstrictor, 196 8 
ventrallongitudinal bundle, 640 
visceral, 96 
viscero inhibitory, 99 


Nerve 

N erve — continued 

fibre, Wallenan degeneration, 77 
functions of, 77 

glosso pharyngeal (9bh cranial), 632 
course of, 99 
hypogastric, 94, 98 
function in micturition, 506 
hypoglossal (12 bh cranial), 6S8-4 
impulse, 80 et seq , 726 7 
aftereut, sympathetic relationship to, 101 
conduction ot, 80 1 
direction of, 88 
during exercise, 201 
nature of, 80-1 
rate of, 88 

tactile discrimination, localisation, and 
sensibility, 742 

to involuntary musculature, 94 
m deglutition, 489 
in sweat secretion, 598 
katelectrotonus, 86 
mixed, 199, 618 
degeneration in, 199 
stimulation of, 199 
motor, terminations in muscle, 72 
section of, 77 
stimulation, 77 

neuro muscular spindles, 785 6 
neurone, 65 
Nodes of Ranvier, 70 
nutrition, impairment of, 86 
oculo motor (3rd cranial), 632 
parasympathetic fibres, 99 
of arteries, 118 

olfactory (1st cranial), 682, 793 
optic, 682 

paralysis of, on pupil, 836 
stimulation of, on pupil, 886 
parasympathetic (anabolic), 99 100 
paths connected with vision, 851 et seq 
pelvic (nervi erigentes), 99 
phrenic, function of, 234 
physiology of, 77 90 
pilo motor, 596 
cell stations on, 98 
function of 99 
plexus of Auerbach, 387 
of Meissner, 887 
pudendal, 208 
refractory period, 27 
Ritter Yam Law, 77 
roots, degeneration of, 620 1 
of spmal cord, 618 19 seq 
sacral, 99 

sciatic, section of, 199 
seat of fatigue, 89 
secretory, of eye, 814 
section of, 77 
section of, on drugs, 103 
section of, rheobase and chronaxie, 27 
sensory, cerebral, 640 
section of, 77 
stimulation of, 77 
spinal, 98 9 

function of roots, 672 4 
motor and sensory roots, 678 
spinal accessory (11th cranial), 633 
course of, 99 
splanchnic, 94, 98, 198 
section and stimulation on spleen, 224 
stimulation, 77 
on respiration, 271 
structure of 71 2 

superior laryngeal, stimulation of, on respira 
tion, 271 

supply, on skin colour, 209 
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structure and function of, 65 S 
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Pinion ^ jijMhauiHm m mobilisation of glucose, 

Ni uruj.'i nit theory of hoarfc beat, 135 
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of tm mliurv slnutli, 70 
>* nr*d> mm a, 70 

turn Imp m ri imneintioii of nerve fibre, SO 
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tin mi , 'it fin it ion and structure of, 65 
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of aulonomn pith, 91 
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*N lot Jm , tm thod, Of, 
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on pi minium in nmnuitflot intestine, 494 
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burin, h» inatlou, 627 
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ObMOSES 

Nuclein (chromatin), of cell nuclei, 311 
composition, 8 
of spermatozoa, SOS 
of white corpuscles, 365 
Nucleo proteins, Sll 
metabolism of, 520 1 
of muscle plasma, 56 
of nerve tissue, 79 
Nucleolus, 8 

Nucleus (nuclei), accessory auditory, 804 
ambiguous, 686 
caudate, 650 
combined, 684 
cuneatus, 686 et seq 
dentate, 686 

descending vestibular, 691 
embolipour, 648 
globosus, 643 
gracilis, 686 et seq 
lateral, 635 
lateral hllet, 689-40 
lentiform, 650 
motor, 684 
of Bechterew, 691 
of cardio muscle fibre, 18 
of cell, 2, 8 

of crystalline lens, 817 
of Deiters, 687 8, 691 
of muscle fibre, 34 
of plain muscle, 19 
of red voluntary muscle, 17 
of the trapezium, 637 
pontis, 687 
posterior, 686 et seq 
posterior column, 636 
principal, 690 1 
sensory, 634 
superior olivary, 637 
Nyctalopia (night blindness), 840 
Nystagmus, 696 


o 

Odontoblasts, 485 
(Edema, 334 
Fischer s theory of, 220 
Oersted, discoverer of electro magnetism, 44 5 
(Esophagus, innervation of, 99 
(Estnn, 903 
in urine, 902 

(Estrous cycle, regulation of, 903 
Oils, m peristalsis, 490 
Olem, 804 

Olivary bodies (olives), 681 
section of bulb through, 681 
Oncometer, 550 1 
Oocyte (ovum), 890, 898 
Oogenesis, 895, 896 et seq 
Oogonia, 896 
Ophthalmoscope, 841 8 
Opium, on pupil, 836 
Opsonms, 878 

Ora serrata (retina), 817, 821 
Orbicularis, 818 
Organ of Corti, 808 
Organ, physical, definition, 1 
Ornithine (diammo valeric acid), 818, 576 
formation of, 520 
Osazone(s), formation of, 302 
Oscillograph, the Cathode Bay, 45 
staining in nerve degeneration, 79 
Osmosis, definition, 828 
importance of in secretion, 482-4 
m the body, 381 
m the intestine, 475 
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Pars Nervosa 

Pars nervosa, of pituitary body, 878 
Pars tuberalis (pituitary), 874 
Parthenogenesis, 898 
Parthogemc organism, 878 
Parturition, 912 IS 

Pavlov, inhibition theory of sleep, 762 3 
pouch, 461 

for investigating gastric juice, 450 
worK on saliva v secretion, 441 
Pectorales, function m forced inspiration, 235 
Peduncles, of cerebellum, 681, 645 
Pellagra, 406 7 
Pelvis, of ureter, 648 

Pendulum movements m small intestine, 493-4 
Penis, 889 
circulation m, 208 
vasodilatation of, 199 
Pentoses, 298 
in urine, 574 

of nucleo protein metabolism, 521 
Pepsin, and trypsin, contrasted, 461 2 
formation of, 840 
of gastric cell, 389 
of gastric juice, 450, 454 
proteolytic enzyme, 889 
secretion, 403 
Pepsinogen, 840, 448 
Peptides, 820 
Peptogens, 452 

Peptolytic (peptoclastic) enzymes, 839 
Peptones, 814 16 

action of alcohol, ammonium sulphate, caustic 
potash, copper sulphate, heat, nitric acid 
on, and ditfusibility of, 815 
colour reaction, 812 
commercial, on blood coagulation, 851 
digestion of, 465 6 
on lymph flow, 220 
Perfusion experiments, 198 
Pericardial fluid, 108, 863 
Pericardial pressure during lespiration, 280 
Pericardium, 107 9, 150 
Perilymph, of internal ear, 801 
of semicircular canals, 687 
Perimeter, S44 
Perineurium, 71 
Periosteum, 920, 925 
Peripheral resistance, definition, 160 
m maintenance of blood pressure, 160 
on magnitude of arterial blood pressure, 200 
Peristalsis, 59, 489 90 
m colon, 494 5 
in nerveless muscle, 60 
in pancreatic secretion, 468 
in small intestine, 498 4 
in stomach, 490 1 
in ureter, 60, 494 
stimulation, 431 
Peritoneum, 424 

Peroxides, formation m auto-oxidation, 286 7 
Perspiration, insensible and sensible, 59S 
insensible m heat regulation, 605 
unilateral, 599 
Pes (crusta), 640 
Petit, canal of (eye), 822 
Pettenkofer’s reaction, 536 
Peyer s patches, 424 
function, 481 
PflUger s law, 86 
Phagocytes, 887 
Phagocytosis, 863-4 
Phenyl alanine, 317 
an essential ammo acid, 525 
Phenylhydrazine, reactions, 802 
test for glucose, 574 
Phlegm, 1280 


Polypeptides 

Phloridzm, on renal threshold, 510 
Phosphagen (creatine phosphate) in muscle con 
traction, 61 

Phosphates, of gastric juice, 450 
of urine, 570 1, 672 
tests for, 507 

Phosphatides, 806, 807, 514 
of red corpuscles, 866 
Phospho protems, 810 
Phosphorus, m the body, 403 
m lipides, 306 
m nerve degeneration, 79 
m ossification, 92S 9 
in rickets, 405 
of nucleo protems, 810, 811 
of phospho protems, 310 
value of in. food, 402 
Phrenic nerves, function, 284 
Phrenosm from lipides, 306 
Physostigmme, S36 
Phyto eholesterols (phytosterols), 807 
Pia mater, 78, 611 

Picrotoxine, on sweat secretion, 599 
Pilocarpine on cerehro spinal fluid, 667 
on heart rate, 194 
on insulin secretion, 509 
on parasympathetic, 102 
on salivary secretion, 440 
on stomach, 499 
on sweat secretion, 599 
Pineal gland 879 
Pmna (ear), 799 

Piotrowski s Reaction (biuret) for proteins, 312 18 
for protammes, 808 
Pipers manometer, 129 
Pitch, musical sounds, 783, 805 
Pitot s tube, 175 
Pituitary, 874 8 
and hyperglycsemia, 509, 512 
concerned with growth, 918 
with kidney secretion, 555 
functions of, 874 et seq 
relation to corpus luteum, 902 
Pituitrm, 876 8 
Placenta, 8S5, 90S 
sinusoids of, 115 

transference of materials through, 909 10 
Plasma, blood , 353 5 
definition, 347 
m tissue respiration, 284 
Plasma, muscle , coagulation, 56 
proteins of, 56 
Plasticity, 684 

Plethysmograph, Schafer’s heart , 152 
Plethysmography, 197 8 
Pleura, function and histology, 231 2 
Pleurisy, 231 2 
Plexus, choroid, 666 
Auerbach s, 100, 424 
and peristalsis, 490 
m control of alimentary canal, 493 9 
coeliac, 94 
Meissner s, 100, 424 
in control of alimentary canal, 498 9 
of nerve fibres, 73 
pelvic, 99 
Pneumonia, 292 3 
m high pressures, 292 
respiration m, 269 
Pneumothorax, 2 84 

Poiseuille, work on blood pressure, 168 
Polar bodies, 897 et seq 
Polanmeter, 299 
Polygiaph, 144, 173 
Polyneuritis, 406 
Polypeptides, 814, 820 
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Polypeptides 

Polypeptides — continued 
colour test for, 818 
trypsin of digestion, 461 
Polysaccharides, 299, 802 et seq 
Pons, 631 

section through, 68T 8 
Yaroln, 612 
Portal circulation, 111 
Porus opticus (physiological pit), 842 
Posterior roots, nerve fibres of, 73, 101 
Posture m cerebellar ataxia, 694 
m glycosuria, 610 
maintenance of, 686 
on heart rate, 144 
receptors and reflexes, 685 et seq 
Potassium alkali of corpuscles in man, 268 
chloride of saliva, 442 
m ventricular fibrillation, 142 
on heart, 158 

phosphate, of muscle tissue, 55 
Potassium indoxyl sulphate, formation of, 570 
Potassium phenyl sulphate, formation of, 670 
Precipitation, definition of, 818 
Precipitin, 879 

Pregnancy, mammary glands during, 416 
suprarenal cortex m, 878 
Presbyopia, 883 

Pressure, alveolar at high altitudes, 291 
atmospheric, on heart-rate, 144 
endocardiac, 129 
mtra auricular, 131 2 
systolic, 132 

systolic and diastolic, 160 
capillary, importance of, 334 
cerebral, on cardio inhibitory mechanism, 198 
high, respiration under, 292 3 
intra ocular, 822 
intrapleural, 236 

intra thoracic, m respiration, 279 81 
laws of, m fluids, 159 60 
mam factor in circulation, 122 3 
negative m thorax, 128 
on cell movements, 10 
osmotic, 828 et seq 
calculation of, 329 
definition, 828 9 

determination by freezing point, 829 80 
nature of, 880 1 
of crystalloids, 838 
of proteins, 888-4 

physiological applications of, 331 2 
partial, 248 

pericardial, during respiration, 280 
total, 248 

Processus gracilis, 799 
Progestin, 902 
Prolme, 819 

an essential amino acid, 525 
Propyl alcohol, oxidation of, 804 
secondary, formula, 298 
Prostate, 547, 889, 900 
plain muscle of, 18 
Protagon, 806 
from brain, 807 
Protamines, 808 
digestion of, 465, 466 
free from sulphur, 807 
Protein (proteins), 807 21 
absorption of, 476-8 
breakdown of, by small intestine, 4Vs 
on blood, 888 
on lymph, 888 
classification, SOS 
colour reactions, 812 18 
conjugated, 810 11 
constitution of, 819 21 


f PUBEBT1 

Protein —continued 
chromo , 810 
crystallisation of, 814 
digestion, 465, 466 
by bacterial action, 468 
effect of feeding on a single, 525 
gluco , 810 11 
heat coagulation, 812 
hydrolybis, 814 15 
in liver lymph, 219 
m living cells, 2 
in urine, 578 6 
indiffusibility of, 812 
injection of, 379-80, 524 
metabolism, 517 20 
liver function, 584 
methods of analysis, 820 1 
minimum, lneducible, 52S 
nucleo-, Sll 

of blood plasma and serum, 853 5 
as CO 2 carriers, 258 
of cerebro spinal fluid, 666 
of lymph, 217 

of milk, human and cow’s, 412 

of muscle fibre, 55 

of muscle plasma, 56 

of nerve tissue, 78 9 

of pancreatic juice, 461 

of protoplasm, 2 

of red corpuscles, 866 

of saliva, 442 

of vegetable foods, 418 

of white blood corpuscles, 865 

on polarised light, 814 

on respiratory quotient, 288 

percentage of body weight, 603 

phospho , 810 

precipitants of, SIS 14 

properties of, 312 5 

sclero , 809 10 

solubility, 312 

sources of, 898 9 

sparers, 628 

specific dynamic action, 898 
substrate of pepsin, 339 
tests for, in urint, 578-4 
varieties m muscle plasma, 56 
Proteolysis, by succus entericus, 464 5 
estimation of, 471 2 
Proteoses, 314 15 
alcohol on, 314 
colour reaction, 312 
digestion of, 466 

formation of, m trypsin digestion, 401 
Pi othrombin, 351 
character and composition, 355 
Protones, 808 

Protoplasm, chemical structure of, 2 
cholesterol of, 806 
content of cytoplasm, 2 
lipide contents of, 305 
nucleo proteins of, 811 
of white blood corpuscles, 36S 
structure, 2 
surface tension in, 886 
Proviron, 901 
Pseudoglobulin, 854 
Pseudo mucin, 811 
Pseudopodium of amoeba, 8 
Pseudo pregnancy, 901 
Pseudoscope, 856 
Ptyalm, 488 
an enzyme, 839, 442 
of salivary cell, 889 
Ptyalinogen, 438 
Puberty, 876, 886 
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Pulmonary Circulation 


Refractory Period 


Pulmonary (lesser) circulation. 111 
Pulmonary valve, 109 
Pulmonary vein, histology, 114 
Pulmonary ventilation, at high altitudes, 291 
Pulse, arterial, 169 78 
anacrotic, 171 
dicrotic wave, 170 1 
during asphyxia, 281 8 
frequency, force, rhythm, tension, 169 
in Valsalva s experiment, 281 
maximal pulsation, 167 
pre dicrotic wave, 170 
pressure, 105, 169 
primary wave, 170 1 
rate, relation to respiration rate, 240 
wave, course and velocity, 170, 930 
rate of propagation, 172 
venous, 172 8 
Puncta lacrimalia, 813 
P V 1 V-u- 11 Rnb^ -r 853 
c j ‘'ua" i 836 

dilatation by adrenaline, 871 
by sympathetic, 101 
sensibility to adrenaline, 108 
Purgatives, osmosis in use of, 388 
Purine, 811, 819 
constitution of, 521 
metabolism, 520 8 
Purkmjo, cells of, 644 5 
fibres of cardiac muscle, 18, 188 
figures of, 887, 839 
Pus, m urme, 576 
Putrefaction, 837 
Putrescine, m urme, 576 
Pyloric glands of stomach, 447 8 
Pylorus, movements of, 490 1 
Pyramidraes, 521 
Pyramids, 685 et seq 
of the bulb, 681 
of urinary tubules, 548 
Pyridine on lipides, 806 
on protagon, 284 
Pyrimidine, 819 

Pyrogall c aci 1, in gas analysis, 248 
Pvrogallol i micro gas analysis, 244 
Pyrrol ring, 817 


Q 

Quadriu rates, 568 

Qumidmo, on auricular flutter, 141 


R 


Rami commumcantes, 94, 98 9 
Ranke’s diet, 401 
Ranvier, nodes of, 70 
Reaction time (personal equation), 770 
velocity, S85 
Rf ccV'c* u” > p Q Q>7 7 

«p cj t - l- i muscle contraction, 51 2 
Return, post-mortem rigidity, 61 
Reduced haemoglobin, 254 
Reductases, 840 

Reflex (reflexes), abdominal, 678 
absence of, 671 74 
action in man, 078 85 
atter discharge, 678 
alteration in character of, 681 
, . l ^ 379 

arc, 074 5 

properties and characteristics, 676 8 


Reflex— continued 
arc, structure and function of, 67 8 
axon , definition, 674 
m skin, 199 
Babmshi s sign, 6S1 
Bambndge’s right auricular, 188, 202 
in respiration, 2S0 
body righting, origins m skin, 686 
classification, 678 
common path, 698 701 
conditioned, 701-4 
analyser, 701 2 
coincidence in time, 70S 
external inhibition, 702 
habits, 703 

internal inhibition, 702 
loss or extinction, 701 
sleep, 702 3 

conduction, irreveisibility of, 677 

conjunctival, 853 

convergence, 698 

cough, 278 

cremasteric, 678 

crossed extension, 685 

definition, 671 

dependence on oxygen, 677 

depressor, 192 

epigastric, 678 

exaggeration, 6S1 

excitation and inhibition, 697 

facilitation, 676 

fatigue, 676 

flexion withdrawal, 674 
flexor, 677 
gaetro colic, 49b 
gluteal, 678 

Heruig Breuer, 267 et seq 
higher centres on, 681 
m decerebrate animal, 6S3 
m man, 678 et seq 
inhibition, 677 
knee jerk, 679-80 
labyrinthine, righting, 689 90 
lengthening reactions, 684 
light (eye), 858 
local sign, 677 
loss of, 680 
Loven, 199, 201 
Marey’s Law, 198 
nature of response, 677 
neck righting, 686 
optical righting, 686 
plantar, 681 

postural, and muscle tone, 682 E 
psycho galvamc, 208 
rebound, 678 

relation to muscle tone, 681 
righting, 684 
scratch , 677, 698 700 
shortening reaction, 688 
spinal, 674 5 
absence of, 680 
recovery from fatigue, 676 
spread, 677 

stretch, m posture, 682 
(myotatic) L 678 9 
superficial, 678 
tendon, 678 80 
tendon organs, 686 
thrust (flexor plantar), 678 9, 681 
time, reduced, 67b 
tonic labyrinthine, 689 
tome neck, 684, 686 
visceral, 682 

withdrawal (extensor plantar), 681 
Refractory period (absolute) in nerve, 82 



964 


INDEX 


Refractory Period 

Refractory period, of heart muscle, 189 
m auricular flutter, 140 
Refractory phase of muscle and nerve, 27 
Regeneration of nerve fibre, 79 SO 
Rehfhss, fractional method of (gastric secretion) 
450 

Reil, island of, 653 
Reissner, membrane of, 807 
Relaxation, after rigor mortis, 54 
in muscle contraction, S3 
nature of, 43 
period m contracture, 87 
Relays of 0 N S , 67 
Remak, ganglion of, 190 
Renal circulation, 111 
Renal inefficiency, 549 
Renal threshold, 510 

Rennet (rennin), a coagulative enzyme, 340 
of gastric juice, 454 

Reproduction and development, 883 918 
female organs of, 890 5 
male organs of, 886 90 
Mendel s theory, 884 5 
power of, in all living organisms, 7 
relation of pituitary to organs of, 875 et seq 
Reserve air, 288 
Residual air, 238, 803 
Respnation, 230 tt seq 
abdominal, of young children, 235 
adrenaline on, 871 
alveolar ventilation, 239 
and H ion concentiation of blood, 586 8 
of urine, 662 
apneustic, 263 
artificial, 274 5 
on blood pressure, 280 
at high pressures, 292 3 
breaking point, 271 
cause and regulation of, 262 tt scq 
chemical control of, 264 6 
Cheyne Stokes, 272 3 
CO 2 the specific stimulus of, 265 6 
comparisons at sea level and high altitudes, 291 2 
“dead space,” 238 
deep and shallow, 239 
essential nature of, 270 
exercise on, 201 2 
external, 288 
gasping, 263 
haemorrhage on, 205 
higher centres on, 270 1 
in disease, 265 
in heat regulation, 605 
m nerve, 81 

increase during muscular work, 51 
increased, on venous return, 204 
inferior costal of men, 235 
inspiration, the first, 271 
investigation of quality of air, 240 1 
internal (tissue), 288 et seq 
enzymes concerned in, 340 
relation to functional activity, 2S5 6 
mechanism of, 288-40 
failure of, 268 

movements of, graphic record of, 286 et seq 
on venous return, 200 
negative ventilation, 268 
nervous control of, 267 71 
on circulation, 279 80 
on lymph flow, 217 8 
on venous return, 180 
positive ventilation, 267 8 
rate of 240 

relation to heart-rate, 145 
to nutrition, 288 9 
shallow and rapid, 269 70 


RlVA ROCCIS SlUIiGMOMI n R 

Respiration — continued 
summary of factors mvolvt d, 271 
superior costal of women, 285 
^ r- 597 

" 'ntcrnal 

total respiratory exchange, 890 
total ventilation, 239, 241 
tracheal and bioiiclnal, 23b 7 
vagus on, 267 
vesicular, 28b 7 
vocal cords in, 781 2 
Respiratory centre, 262 S 
and hyperglycemia, 512 
exhaustion of, 209 70 
m dyspnoea, 290 1 
stimulation of, 241 
Respiratory oxcliange, total, 288 
Respiratory movements, gas content of blood on, 
266 

Respnatory murmur, 23b 
Respiratory pump, 181, 201 2 
Respiratory quotient, 52, 288 9 
calculation of, 242 3 
corrected, 289 
m exercise and rest, 52 
m metabolic investigations, 888 
in musculir exercise, 511 
Respiratory stimulus, the specific, 205 0 
Respiratory system, function of, 1 
volume of, 289 

Respiratory tract, irritation of on heart, 192 
Rost, activity ot vagus during, 101 2 
importance of, 90 
pauses, 90 

respiratory quotient in, 52 
Restiform bodies, 631, G8b 
Rete mu cosum (Malpighian layoi), 598 
Reticulo endothelial system, 8ul 2 
Retina, 814, 817 21 
blood vessels of, 822 
changes in, during activity, 888 40 
coitical, 718 

electrical \ariations, 840 
' 0 — “"•Vf 4 825 7 

, c - 

1 1 - 

macula lutea, 719 
structure of dlilorent parts of, 821 
vessels of, 842 
Retinitis pigmentosa, 840 
Retmoscopy, 884 
Retractoi lentis, 829 
Retro pn-'Qta^ s cJ ri , 4 ri 8 195 6 
Reverse if - c 842 
Rlieobi 1 *■ t ation of, 27 

Rheoscope, physiological , 50, b0 
Rhythmical rv, a-til c 1, m voluntary muscle, 00 
in nerveless muscle, GO 
m involuntary muscle, 69-00 
of cardiac musclo colls, 189 
of spleen, 225 

Ribs, movements m respiration. 281 
Rictn, 870 
Rickets, 404 5 

Right auricular reflex u c Reflex 
Rigidtiy, 688 
Rigor, calcium, 158 
moitis, 54 5 
m plain muscle, 61 
protein changes in, 66 
Rima glottidis, 780 
in respiration, 287 
Ring expenment, 140 1 
Ringer s solution, 158, 878 
Ritter Valli law, 77 
Riva Rocci’s sphygmomoter, 107 
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Roaf’s Method 

Roaf s method (proteolytic activity). 471 2 
Rod fibre, 820 
granule, 820 

Rods and cones, layer of, 819 20 
function of, 888 
Rods of Corti, 803 
Rolando, fissure of, 653 
substantia gelatinosa lateralis, 635 
Rombtrgism, 687 

Rose s reaction (Biuret) for proteins, 312 3 
for protamines, 808 

Rosenheim colour test for proteins, 313 
Rotheia s test for acetone, 574 
Rougot cells, 116 
Roy s oncometer, 197 
Rumination, 487 


s 

Sac lachrymal, 818 
Sat cule, 687, 801 2 

Saline, hypertonic, on brain volume, 207 
normal, composition of, 82 
on v 1 co— c 1 
on '*' o r t " , and note 

Saliva, 437 43 

analytic and paralytic secretion, 440 
f i-j so of, 440 

< r/ a < i, ' 
estimation of activity, 471 
m mastication, 486 7 
mechanism of secretion, 441 
secretion of, 489 et seq 
Salkowski s rent tion (cholesterol), 806 
“ Salting nut” ior T mo +o T '* n ’i 318 
Salts, absorption, - * -- 

- c< ,r i i 2 
* J „ •j t ' 

of muscle fibre, 55 
of nerve tissuo, 79 
on heart, 153 
mineral, in bilo, 535 
of blood plasma, 268, 358 
ot lymph, 217 
of meat, 882 

of milk, human and cow’s, 412 
of saliva, 442 
of hw< at, 099 
on blood clotting, 350 
requirement m diet, 402 
Sa di rson s carding- >h, 134 
S i iflon si liy s, 82S 
Santorini, cartilage of, 781 
Sapo lifleatio l, 178 
of fils, 

Saponin, on blood corpuscles, 856 
Sarcolemma, 810 
nature and function of, 14 
of musclt fibres (< lastin), 810 
ramification with neurolomma, 72 
San omoro, 15 

Sarcoplasm, of muscle fibre, 14 15 
of red muscle, 17 
San osino (methyl glycine), 818 
from cn atiue, 506 
Sarcostyle, of muscle fibre, 14 15 
Sin ous elerni t + , 15 
S da un i i (i a al), 802 3 
Hcula tymp mi, 802 
Sc ala vestibnli, 802 
Sc arpa, ganglion of, 690 
Schafer’s 1« art-plothysmogriph, 152 
m< thud of artificial respiration, 274 5 
Schlemm, canal of, Sl7 
Scloia (sc lerotlo) of eyeball, 814 15 


Sinus 

Sclero proteins, (albuminoids), 809 10 
Scotoma See “Blind spot 
Scurvy, and vitamin C, 407 
Sebum, 597 
iso cholesterol of, 307 
Second wind, 264 

Secondary contraction (muscle), 50 
Secondary propyl alcohol formula, 298 
Secretin, 452, 468, 861 
on fasting animal, 466 
stimulation of liver by, 588 
Secretion (secretions), 427, 481 4 
by tubules of kidney, 552 3 
gastric, 447 et seq 
innervation, 99 
internal, 861 et seq 
of bile, 587 8 
of saliva, 489-40 
of skin, 597 
of sweat, 698 
of unne, 648, 562 8 
pancreatic, 462-4 
innervation, 99 

Segmentation, m small intestine, 494 
Semilunar valves, 110 
disease in, 132 3 
m filling heart, 129 
m ventricular systole, 128 
on dicrotic wave, 171 
Sensation, 725 30 
after sensations, 726 
analysers, 727 
classification of, 728 et seq 
conditioned pam, 746 7 
cutaneous, 78b 8 
discriminative system of, 729 
drugs on, 730 
epicntic, 716, 728 
m the face, 744 
latent period, 726 
local sign, 744 5 
pam, 742 

primary, of smell, 795 
protective system of, 729 
protopathic, 728 
referred pam, 746 
significance, 744 7 
temperature, 742 
vibratory, 742 
visceral, 747 
visual, 840 1, 845 6 
Sensibility, recurrent, 673 
Sensitivity, 379 80 
Serme, 816 
Sertoli, cells of, 887 
Serous coat, of alimentary canal, 424 
Serum albumin, 809 

cleavage products of, 819 
coagulation, 351 
blood See Blood serum 
globulin, cleavage products of, 319 
coagulation of, 352 
of blood, 309 
m blood clot, 849 

Sex determination chromosome, 883 5 
Sex, on heart rate, 144 
Sbarpey, perforating fibres of, 922 
Sheath of Henle, 71 
“Shellshock, 757 

Shock, explanation and importance of, 180 1 
on skm colour, 208 
Sighing, 278 

“ Signal surface ” (coughing and sneezing), 273 
Smo auricular node (pace maker), 137 
Sinus caroticus, nsmg blood pressure m, 198 
Smus, of foetal heart, 124 
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Sinus 

Sinus — continued 
of frog s heart, 186 
of Valsalva, 110 
Sinusoids, 115 
of liver, 588 
of suprarenal, 868 
Skatole (methyl mdole), 817 
m protein digestion, 468 
Skeletal system, function of, 1 
Skeleton, 918, et seq 
Skm, 598 600 

adrenaline on vessels, 870 1 

"blood vessels, in exercise, -201 

capillaries, 179 

colour of, 208 9 

effect of varnishing, 600 

flushing, 179 

functions, 597 

in posture and equilibrium, 686 
haemorrhage on, 205 
loss during starvation, 627 
not supplied with histammase, 179 
plain muscle m, 18 
stimulation of, on respiration, 271 
vasomotor changes in heat regulation, 605 
Sleep, 702 8, 759 et seq 
on H 10 d concentration of urine, 562 
on pupil, 886 
Smell, 791 5 
primary sense of, 795 
Sneezing, 273 
Snoring, 278 
Soap (soaps), 805 
in bile, 585 
of blood plasma, 855 
of pancreatic digestion, 462 
of pancreatic juice, 461 
Sobbing, 278 

Sodium acetate, on reducing sugars, 802 
Sodium bicarbonate, in blood, 588 
function m blood plasma, 257 
m capillaries, 257 

Sodium chloride, dissociation of, 825 
deficiency of, 402 
in pancreatic juice, 461 
in saliva, 442 
on heart, 158 
value of in food, 402 
“ Sol,” 887 

formation m blood clot, 852 
Solitary follicles, 424 
Solubility, coefficient of, 247 
Solution(s), affinities, 882 
colloidal, 837 
gramme molecular, 826 7 
hypertonic, 880 
hypotonic, 830 
isomotic, 880 
isotonic, 880 
Sorbitol, 298 

Sorensen s method (ammonia m urine), 580 1 
Sound, analysis of, 808 9 
Soup, 419 

Souring of milk, 413 
Spaces of Fontana, 817 
Spasticity, 768 
Spectroscope, 369 71 
Spectrum, 869, 846 
absorption bands, 870 
Speech and voice, 777 84 
m cerebellar disease, 694 
mechanism of, 778 9 
vocal, 788*4 
Spermatids, 888 
Spermatocyte, 887 8 
Spermatogenesis, 895 6 


Spongioplasm 

Spermatogonia, 887 
Spermatozoa, 888, 890 
cilia of, 9 
m urine, 507 
nuclem of, 311 
protamines of, 308 
Sphere, attraction, of cell, 8 
Spherical aberration, 882 
Spherules, yolk, of ovum, 893 
Sphincter, iridis, innervation of, 99 
pupiUse, 816 
Sphingomyelin, 307 
from lipides, 306 
Sphygmograph, 169, 172 
Sphygmometer, 167 
Spinal animal, 683 
definition of, 674 
Spinal cord, 617 27 

antero lateral descending tract (of Loewonthal), 
625 

antero lateral tract, 626 

ascending tracts m, 625 7 

association fibres in, 627 

association tracts, functions of, 672 

central canal, 618 

centres for visceral reflexes, 682 

C0 2 on, 265 

comma tract, 625 

course of nerve fibres in, 622 3 

crossed pyramidal tract, 624 

descending tracts, 624-5 

direct cerebellar (dorsal) tract (of Flochsig), 620 
effects of section, 771 2 
m neck, 650 
m thoracic region, 622 
effects of stimulation, 550 
after section, 550 
epithelial cells of, 73 
functions of, 671 et seq 
hemisection, 772 
injury to, 771 S 
Lissauer s tract, 627 
loss during starvation, 527 
median triangular bundle, 625 
multipolar cells of, 69 
olivo spinal tract (Bundle of Helwog), 625 
oval bundle, 625 

postero lateral '“V r * Bu'^'m' 1 ) 625 0 
postero median j ),o- r > 

reflex centre, 672 

rubro spinal (pre pyramidal) tract, 625 
sensations, grouping m, 741 
spino thalamic tract, 627 
uncrossed pyramidal tract, 624 
vasoconstrictor centre in, 195 
ventral spino cerebellar tract (indirect tract of 
Gowers), 026 

vestibulo spinal tmet, 625 
Spirometer, 286 7 
Splanchnic area, 198 
Spleen, 228 6 

activity during haemorrhage, 205 
constriction of, m exercise, 201 
efferent path from, 225 
functions of, 228 4 
loss during starvation, 527 
plain muscles of, 18 
pulp, definition, 228 
red corpuscles in, 861 
relation to red corpuscle development, 860 
sinusoids of, 115 
vasomotor changes on, 197 8 
Spongioplasm, 2 
m amoeboid movement, 7 
in muscular movement, 16 
of pseudopodium, 8 
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“Spot, Blind ’ 

“ Spot, blind,” 836 7, 840 
white (optic disc), 817 
yellow 817, 818, 842 
Staircase, m muscle contraction, 37 
m c iitliac muscle, 139 
Stamina, 398 
Stannms experiment, 137 
heart, 189 
Stapedius, 800, 807 
Stapes, 800 
Starch, 299, 302 

absorption by small intestine, 476 
digestion of, 334 5 
he t r ' r, n 1 *** i' / j 334 
n r * i- o 301 
o f ni , 7 
rate of digestion, 471 
senary digestion of, 442 
substrato of ptyalm, 339 
Starling s Law ot the Heart, 148 
Starvation, 627 8 
on liver glj cogon, 606 
Stearin, 804 
Stercobilin, 637 
m fan oh, 482 

Sternocleidomastoid, m forced inspiration, 235 
Stert oscope, 866 
Sterols, tiie, 805 7 
Btothograph, 280 
Stimulal ion, 23 7 
by slowly interrupted shocks, 199 
( onditioiifd sensor}, 203 
mechanical, of mixed nerve, 200 
of cerebellum, 693 
of motor aroa, 7X1 
of third jh rve on pupil, 830 
of vasodilator centre, 198 
sensory, and hyperglycemia, 612 
on < ardio accelerators, 188 
on kidney secretion, 654 
on nerve activity, 82, 101 2 
on vagus section, 269 

Stimulus (stimuli), absoluto threshold of, 725 
adaptation to, 727 
chemical, in respiration, 204 6 
conditioned and unconditioned, 701 
definition, 10, 28 
differential thr* shold, 725 
effect of many successive, 85 6, 076 
of two sin cessive, 85 0 
effective for viscera, 102 
electrical, 24 6 
for peristalsis, 59 
limtnal value of, 725 
maximal and minimal, 84 
nervous, in body, 2$ 
on diastole and systole, 189 40 
propagation without loss, 28 
reaction time (personal equation), 770 1 
rhythmical from brain, 270 
spec lilt respiratory, 266-0 
strength ot, in muscle c m traction, 34 
strength of, for totanus, 87 
summation, 85, 676 7 
varieties of, 28 

Stomach, absorption of food m, 475 
action of saliva in, 448 
digestion in, 447 66 
during vomiting, 492 
functions, 447 
innervation of, 99 
movements, 490 2 
post mortem rigidity of, 61 
Stomata, function of, 214 16 
Stratum granulosum, 603 
Stratum lutidum, 698 


Sympathetic 

Striae acoustics, 805 
Stroma of ovary, 890 
Stromuhr, Ludwig s, 174 
Strychnine, on sweat secretion, 699 
Sublingual ganglion, 99 
Submucous coat, of alimentary canal, 424 
Substantia gelatmosa, 618, 685 
Substantia nigra, 640 
Substrate, definition, 889 
of enzyme action, 889 
Succagogues, 452 
Succus entencus, 464 7 
Sucrase (mvertase), 464 5 
Sucrose (cane sugar), 299, 800 1, 302 
hydrolysis of, 889 
mvertase on, 839 

Sudan III, reaction with acrylic acids, 804 
Sudonfics, 599 
Suffocation, 273 
Sugar (sugars), 298 ft seq 
absorption m stomach, 475 
blood , average quantity of, 980 
effect of injection of, 219 
heat produced by, 884 
importance of, for muscular energy, 15 
m urine, 574 
estimation of, 581 
inversion by gastric juice, 454 

of blood plasma, 855 
of flour, 417 
tolerance, normal, 510 
utilisation of, 506 7 
Sulci See Fissures 
Sulphates, ethereal of urine, 569 
inorganic, 509 
murine, 569 
neutral, 569 

Sulphur constituent of protein, 807 
excretion m sweat, 599 
neutral, of urme, 569 
on cholesterol crystals, 806, 807 
Summation, of effects (muscle contraction), 

of stimuli (muscle contraction), 35 
Superoxides of oxidation, 287 
Superposition (summation) of effects m muscle 
contraction, 84 5 
Supplemental air, 288, 80S 
Supranormal phase m nerve activity, 82 
Suprarenal cortex, 878 
Suprarenal glands, 808-78 
development of, 872 
development of medulla, 101 
extracts of, 870 8 
functions of, 872 3 
Surface tension, 886 
Swallowing See Deglutition 
Sweat, 590 600 
composition, 699 
in uraemia, 600 

pathological conditions of, 599 600 
secretion and sympathetic, 101, 598 9 
Sweating m heat regulation, 605 
Sylvius aqueduct of, 638, 658 
Sympathetic nervous system, 93 et seq 
drugs on, 102 8, 194 

Sympathetic, control of efferent path of cardio 
accelerator mechanism, 185 et seq 
during asphyxia, 288 
of alimentary canal, 497, 499 
of glucose mobilisation, 511 12 
functions of, 100 
on cerebral circulation, 207 
on pupil, 886 

reinforcement m exercise, 100, 201, 202 
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Sympathetic 

Sympathetic — continued 
relationship to afferent impulses, 101 
to arteries, 118 
to submaxillary gland, 489-40 
Synapse (arborisation), definition, 65 
nicotine on, 98, 102 
nerve impulse at, 88 
of autonomic, 98 
of sympathetic, 96 
resistance m reflex arcs, 676 
sensitivity to O 2 want, 677 
structure and function, 65 
Syncytium, 18 

feyringomeha, sensory paths in, 742 
Systemic (greater) circulation See Circulation 
Systole (contraction), auricular and ventricular, 
127 8 

ejection phase, 180 
extra, during diastole, 140 
heart sound m, 182 8 
isometric phase, 180 
on coronary circulation, 206 
systolic plateau, 180, 171 
systolic pressure, 167 9 
measurement of, 166 7 
relation bo elasticity of blood vessels, 200 
time of auricular and ventricular, 180 


T 

Tachypnoaa, 269 
Talbot s Law, 841 
Tapetum lucidum, 841 
Tarsus, 818 
Taste, 787 91 
buds, 788 9 
classification, 791 
Taurine, 586 

Taurocholate m bile, 585, 586 
Taurocholio acid in bile, 586 
Tears, 814 
Teeth, 486 6 
Tegmentum, 688 
Temperament, on heart-rate, 186 
Temperature, body , 008 8 
regulation of, 606 8 
in exercise, 52 8 
during starvation, 527 
external on body temperature, 604 5 
of inspired and expired air, 288 
on amoeboid movement, 10 
on ciliary movement, 10 
on heart-rate, 186 
on kidney secretion, 654 
on muscle contraction, 84 
on nerve impulse, 81 
on pace-maker, 187 

on power of haemoglobin to give up 02 , 256 
on vasodilators and vasoconstrictors, 200 
on velocity of nerve impulse, 88 
on work in muscle contraction, 42 
optimum for enzyme action, 841 
physiological zero, 727 
rise of, in exercise, 201 2 
Tendo mucoid, 811 
Tendon organs, 686 
Tension of gases in fluids, 251 et seq 
maximum m muscle contraction, 48 
Tension surface, 886 
Tensor palati, 806 
Tensor tympam, 800, 806 
Testes, 886 

internal secretion, 900 
loss during starvation, 527 


Trypsin 

Tetanus, absent in cardiac muscle, 189-40 
in spasmodic croup, 278 
m involuntary muscle, CO 
lactic acid in, 284 5 
monophasie variations m, 48 
“ negative variation ’ m, 47 
voluntary, m muscle contraction, 87 
Tetany and parathyroids, 867 
m alkalaemia, 690 
Tetrapeptides, 820 
Thalamic animal, 6S4 5 
Thalamus, 744 
of cerebrum, 660 
Theca, externa, 890 
interna, 890 

of Graafian follicles, £90 
Theine, 420 
Theobromine, 420 
Thermopile (A V Hill’s), 58 4, 82 
Thirst, 748 9 

Thiry s method for intestinal fistula, 464 5 
Thoma Zeiss hcemacytometer, 868 
Throbbing, 162 
negative pressure in, 128 
Thrombin (thrombase), 823 
formation, 351 
m blood-clot, 850 

Thymine, decomposition product of nucleic acid, 
811 

Thymus, 878 9 
Thyroid, 868 7 
and suprarenal cortex, 878 
control of activity, 807 
on aceto nitrile, 865 
on glucose mobilisation, 512 
sinusoids, 115 
Thyroxine, 402, 528, 866 
Timbre of musical sound, 788, 805 
JTissue, (tissues) culture, 917 
CO 2 and O 2 m, 262 
in maintenance of blood volume, 218 
respiration, 284 7 

relation to functional activity, 285 6 
volume and pressure of CO 2 and in, 262 
Tongue, 787 
Tonometer, 251 
Tonus, definition, 682 et seq 
of plain muscle, 60 
Tooth pulp, 485 

Topfers reagent for hydrochloric acid, 450, 
472 

Total ventilation, 289, 241 
Touch, 742 
spots, 786 8 

Trabeculae of spleen, 223 
of lymph glands, 215 
Trachea, plain muscle of, 1 8 
lings 01 , 781 
structure, 229 
Training, 292 
for high altitudes, 291 
Transportase, 287 

Trapezius, m forced inspiration, 286 

Tnacetin, 805 

Tnolem, 850 

Tnpalmitin, 305 

Tripeptides, 820 

Tnstearm, 805 

Trommer s tost (sucrose), 800 
Trypsm and pepsin contrasted, 461 2 
a proteolytic enzyme, 889 
formation of, 840 
of pancreatic juice, 400, 461 
of succus entencus, 465 
011 insulin, 507 8 
on proteins, 814 
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Trypsinooen 

Trypsuiogen, 840 
of huccus ontnricus, 465 

Tryptophan (indole amino propionic acid), 8X7, 
525 

colour test for, 818 
importance of, 469 
of trypsin digestion, 461 
percentage in chavago pioducts of various 
proteins, 819 20 

Tubic utermic (Fallopian tubes), 898 5 
Tubercle, acoustic, 805 
Tubercle of Rolando, 685 
Tuborculosis, on lymphocytes, 802 
Tubules, of lddnoy, 644 
function of, 551 8 
of testis, 887, 888 
Tubuli uriniferi, 648 

Tunica adventitia (arteries and veins), 112, 114 
Tunica albuginea, 886 
L ^ ca a— os * 1 n e of, 18 

Ti c r* " ' v a i " veins), 114 
Tunica media (arteries and veins), 114 
Tunica vaginalis, 886 
Twara, ventricular node of, 138 
Twitch, time of, 84 
Tympanum (middle ear), 799 et seq 
mus< lo of, 800 

Tyrosine (an essential amino acid), 817, 525, 526 
< olour test for, 812 
digestion of, 468 
in urine, 572, 676 
of pancreatic juice, 461 
of trypsin digestion, 461 

percentage in cleavage products of various 
prot< ins, 819 20 
relation to thyroxine, 866 


u 

Ultima morions, 186 
Ummolecular reactions, 836 
Urachus, of parturition, 912 
Uracil, decomposition product of nucleic acid, 
811 

Uraemia, 664, 600 
Urates, 508, 672 
m sweat, COO 
Urea, 5G2 4 

ammonia urea ratio, 565 
blood , average quantity, 980 
estimation, 5S0 
l elation to amino acids, 518 
concentration test, 564 
estimation, 579 
tor blood and unne, 580 
formation, 519 
from arginine, 818 
“frost, 600 
heat produced by, 884 
m blood plasma 855 
in oih , 53 j 

of cerobro spinal fluid, G66 
of lymph, 217 
secretion by tubules, 552 8 
Urease method for estimation of urea, 580 
Ureter (ureters), 548, 540 
peristalsis ot nerveless muscle of, GO 
plain must le of, 18 
Urethra, 546 7 
circulation in, 208 
Urn aso, 522 
Urina potus, 502 
Urine, 561 70 
alkaline tide, 497 


Valve 

Urme — continued 

amount of, relationship to blood pressure, 554 

composition, 54S 

constituents of, 562 

C0 2 tension, 261 

deposits, 571 2 

during exercise, 52 

during lactation, 801 

estimations, 579 81 

m diabetes, 300, 512 13 

inorganic constituents of, 569 

lactic acid in, 52 

passage into bladder, 555 7 

pathological, 573 6 

pituitnn m chlorides, 876 

removal by kidney, 547 

secretion, 548 

tension of carbonic acid m, 261 
Urobilin, 587, 561 
Urobilinogen, 561 
Uro erythnn, 661, 572 
Urochrome, 561 
Uterus, 895 
involution, 918 
oxytocic action, 877 
pituitary on, 877 
plain muscle, 18 
post mortem rigidity, 61 
Utricle, 687, 801 2 
Urea, 815 16 


V 

Vaccination, 374 5 

Vagus (vagi), (10th cranial, pneumogastric nerve), 
632 

acetyl choline liberated by, 191 
cell stations on, 100 
chloroform on, 195 

ciossed with cervical sympathetic, 85 
escape, nature of, 189 90 
function of, in Bainbridge reflex, 202 
in asphyxia, 283 
m deglutition, 489 
increased action of, 101 
inhibition, 192 

nerve supply for pancreatic secretion, 99 
on auricle and sino auricular node, 191 
on bronchioles, 231 
on cerebral circulation, 207 
on coronary circulation, 2C6 
on gastric juice secretion, 452 
on heart, 189 et seq 
on insulin secretion, 509 
on pace maker, 191 
on pancreatic secretion, 464 
on respiration, 267 
restraint, m exercise, 202 
m tiammg, 198 
section of, 191 2 
in severe haemorrhage, 205 
on l aspiration, 267 

stimulation of, on respiration, 267 et seq 
on stomach, 499 
Valine, 816 

Valsalva’s experiment, 281 
sinuses, 110 
Valve, aoitic, 109, 110 
auricular ventricular, 1 27, 128, 129 
bicuspid (mitral), 109, 110 
effect of leaky, 132, 151 
Eustachian, 109 
m filling heart, 128 9 
of veins, 114 15 
pulmonary, 109, 110 
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Valve 

Valve — continued 
semilunar, 1X0 
disease in, 132 3 
functions, 129 
m filling heart, 129 
of left ventricle, 109 
of right ventricle, 109 
on dicrotic wave, 171 
tricuspid, 109, 110 
Van den Bergh reaction, 637 
Van Slyke s apparatus (COg m plasma), 249 
method for analysis of proteins, 820 
(aeration) for ammonia in urine, 681 
Van t Hoffs hypothesis (osmotic pressure), 830 
Vas deferens, 887, 888 
Vasa efferentia, 887, 888 
Vasa recta, 646 
Vasa vasorum (arteries), 113 
Vascular system, statistics, 930 
Vasoconstriction, centre, 196 
fibres, 196 7 

Vasodilatation, centre, evidence for, 198 
stimulation of, 192 
mechanism, stimulation, 198 9 
nerves, 199 

relation to “H ‘ substance, 103 
Vasomotor centres, 198 
control of spleen by, 224 
dependence on CO2, 270 
in asphyxia, 283 

in Cheyne Stokes respiration, 278 
in exercise, 201 
in haemorrhage, 205 
position of, 195 
stimulation hy afferent nerves and COg, 195 6 
Vasomotor changes, in Cheyne Stokes’ respiration, 
273 

Vasomotor nervous system, 195 et seq 
Vaso pressin, 877 
Vegetables, diet, 399 
foods, constituents of, 418 
green, constituents of, 420 
protein, 367 
Vein (veins), 118 15 
capacity of, 118 
definition, 107 
during asphyxia, 282-8 

z vi- - J — 1 115 

t Ci -J - 1 ", - 

hepatic, 531, 532 8 
histology of, 118 15 
interlobular of kidneys, 546 
of liver, 582 8 
intralobular, of liver, 582 
of bones, 114 
portal, to liver, 531, 582 
pulmonary, function, 111 
renal, ligature of, 554 
sub lobular, of liver, 532 3 
umbilical of foetus, 911 
. valves of, 114 

vasoconstrictor nerve supply, 196 
volume and pressure of COo and O2 m, 262 
Vella’s method, intestinal fistula, 464 5 
Vense cavse, 109 
histology, 114 
Venae rectae, 546 
Venae, stellulae, of kidney, 640 
Venous inflow, on output of heart, 148 9 
Venous obstruction, 289 
Venous return, 180 1 
and dropsy, 220 
factors varvng 220 
\eroas system cour^t o*, 118 
1 ci tilat 01 , 2“^ 0 
alveolar, 289 


Waip k 

Ventilation — conttnut d 

a 1 1~< _ * o o v nation, 267 8 
1 1 - a u s, 291 

1 .. 1 

m oxc ruse, 270 
Venule s, on skin colour, 20S 9 
Vermis, 636, G43 
function, 695 
stimulation of, 698 
Vesical centre, 650 
Vesicuke som inales, 889 
« * e 1 r 18 

\.s~ > =>L 

1 -a ) s, t 

course c* +1 T g 1 o' 1 * c - n 5 
Vierordb, w o- 1 o 1 n • -0 168 

Villi, of choi ion in)o 7 
arachnoidal, 666 

a a 425 

1 - • 1 1. ** 1 » 1 ”6 

VUvi a’ 1 1 - ,102 

ofloctivo stimuli, 102 
innervation, 90 
of pleura, 281 
Vision, 818 et veq 
colour, 846 51 
duration, 719 
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FROM JOHN MURRAY’S LIST 


HOW TO START IN GENERAL PRACTICE 

Being Practical Advice for the Newly Qualified By ISAAC G BRIGGS, 
MRCS,LRCP 4 This excellent book No intending practitioner can 
be the worse for a knowledge of what Dr Briggs has to say Nothing m it is m 
any way incompatible with medical practice as a vocation, and we commend it to 
those who have a high sense of the dignity of their profession but an unnecessary 
ignorance of business methods ’ — Lancet Cheap Edition , 2s 6d net 


THE TRUTH ABOUT CANCER 

Issued by the British Empire Cancer Campaign If the world is to derive all 
the benefits that radium and surgery can give in cancer when they are employed 
by skilled practitioners, men and women must know how the enemy is likely to 
attack, how far attack may be avoided, and what to do when they think they 
are attacked With Illustrations 2s 6d net 

CANCER OF THE BREAST AND ITS 
TREATMENT 

By W SAMPSON HANDLEY, M S , M D Lond , F R C S Eng Seaman 
Bainbndge, of New York, says ‘By conceiving the permeation theory of 
dissemination, and establishing its laws upon a firm basis of observation, Handley 
seems to have placed the entire surgical treatment of cancer upon a more 
scientific foundation 5 Second Edition, Revised Illustrated 80s net 

DEEP X-RAY THERAPY IN MALIGNANT 
DISEASE 

By WALTER M LEVITT, MB, DMRE, MO in command of the 
Radiotherapeutic Research Dept , St Bartholomew’s Hospital With an Intro- 
duction by Sir Tiiomas Horder, Bart , KCVO, MD, FRCP, Chairman 
of the Research Committee With Diagrams 10s 6d net 

MICROSCOPY : THE CONSTRUCTION, 
THEORY, AND USE OF THE MICROSCOPE 

By EDMUND J SPITTA, F R A S , F R M S , etc ‘ Let us hasten to urge 
every student of the microscope who wishes to gam a thorough understanding 
of its principles and possibilities and its defects, to procure a copy of Mr Spitta’s 
book without delay ’ — Nature With numerous Diagrams and Illustrations 
Third Edition, Revised and Enlarged 25s net 

PRACTICAL ZOOLOGY: A JUNIOR 
COURSE OF 

By the late Processor A MILNES MARSHALL, M D , D Sc , F R S , and 
the late C HERBERT HURST, M D Eleventh Edition, revised by Prof 
F W GAMBLE, D Sc , F R S , Umv of Birmingham ‘A most-successful 
and important book Nature 12s net 



FROM JOHN MURRAY’S LIST 


THE INTERPRETATION OF THE ATOM 

An entirely new work by Piofessor F SODDY Part I The Radioactive 
Elements and Isotopes , Part II The General Progress of Atomic Chemistry 
‘ A highly valuable treatise complete m its information, enriched with many 
diagrams and plates It has the added interest of coming from one of the first 
experimenters in the field ’ — The Times 

‘A sure guide to those fascinating discoveries m which Piofessor Soddy has 
taken so great a part We must commend Professor Soddy’s admirable volume 
as an eminently clear and comprehensive account ’ — Spectator 
With over 70 Illustrations 21s net 

SCIENCE AND LIFE : ABERDEEN 
ADDRESSES 

By FREDERICK SODDY, M A , F R S Third Impression 10s 6d net 

MEMOIRS: WITH A FULL ACCOUNT OF 
THE GREAT MALARIA PROBLEM AND 
ITS SOLUTION 

By Sir RONALD ROSS, KCB V KCMG, FRS ‘Sir Ronald Ross tells 
his grand story clearly and with sound dramatic instinct The narrative is 
lucid, fully documented, and well arranged It is indeed a literary triumph 
We recommend it cordially to the attention of our readers ’—Sunday 
Times Illustrated 24s net 

STUDIES ON MALARIA 

By CoLorar Sir RONALD ROSS, KCB,KCMG,FRS, Nobel Laureate, 
Author of Memoirs With a Full Account of the Oieat Malaria Problem and its 
Solution , etc ‘The history of a victory comparable in importance and more 
than comparable in difficulty with that gained by human sacrifice over yellow 
fever, with that obtained by mere observation over scurvy, and with that won 
by Lister over infection ’ — Morning Post With Illustrations 5s net 

THE CHEMISTRY OF THE RADIO-ACTIVE 
SUBSTANCES 

By A S RUSSELL, M C , D Sc ‘ Chemistry owes a real debt of gratitude 
to Dr Russell for his entertaining little volume, which, alone among English 
publications, brings up to date in book form the chemical side of the subject ’ 
— Oxford Magazine With Diagrams 6s net 

HEREDITY 

By Sir J ARTHUR THOMSON, M A , LL D , Regius Professor of Natural 
History m the University of Aberdeen Fourth Revised Edition With 
Coloured and other Illustrations 21s net 

THE STUDY OF ANIMAL LIFE 

By Sir J ARTHUR THOMSON, M A , LL D With many Illustrations. 
Fourth Edition Expanded and rewritten 6s net 




IMPORTANT JOHN MURRAY BOOKS 


EDWARD WILSON OF THE ANTARCTIC 

NATURALIST AND FRIEND 

By GEORGE SEAVER, M A (Oxon ), B D (London) In the epic of South 
Polar exploration no name is more rightly honoured than Edward Adrian Wilson, 
the fnend of Robert Falcon Scott and Lawrence Edward Oates, with whom 
he reached the Pole and with whom he died m the heroic and tragic struggle 
back In him where blended passionate devotion to work for others (nearly 
to the wrecking of his own health), deep religious conviction, intense love of 
the country and its birds and beasts, keen artistic perception and a horror of 
all that was mean and low and dishonest With 16 Half-tones and 7 Full-colour 
Illustrations, 2 Maps and Facsimiles of 2 pages from his Diary 10s 6d net 

THE DISCOVERERS OF THE FIJI ISLANDS 

TASMAN, COOK, BLIGH, WILSON, BELLINGSHAUSEN 

By G C HENDERSON, M A (Oxon ) Polynesia and the stories of explora- 
tion in that distant region of the ocean-world have aroused interest for well over 
a hundred years , but not until recently have the records of discovery there 
been really authoritative Professor Henderson has studied the most reliable 
manuscripts and charts m England, Holland, France and Australia, he has 
followed m the tracks of the discoverers and made careful local investigations in 
British and Colonial ships wherever a difficulty or uncertainty was presented 
which could not be verified by a study of the original evidence m libraries and 
archives With 54 Illustrations, including Charts (some hitherto unpublished) 
and a Large Pocket Map 18s net. 

FOR MY GRANDSON 

REMEMBRANCES OF AN ANCIENT VICTORIAN 

By the Rt Hon SIR FREDERICK POLLOCK, Bt , LL D , D C L , K C 
Sir Frederick Pollock, a highly distinguished member of the famous family, 
having reached his 88th year, has had the happy thought of recordmg for his 
grandson some of the memories and customs of bygone years He was born 
into a very interesting circle His own notable career has enormously extended 
that circle, and the number of leading lawyers, men of letters, philosophers, 
artists and authors, British and foreign, besides Alpine climbers, fencers and 
sportsmen, whom he has been able to claim as friends is truly amazing With 
7 Illustrations 10s 6(1 net 

THE HALCYON ERA 

A RAMBLING REVERIE OF NOW AND THEN 

By LORD ERNEST HAMILTON For dealing with the subject of this book 
Lord Ernest Hamilton is supremely well qualified no less by heredity and 
environment than by his own wide experience and literary skill Not only his 
parents but also his numerous elder brothers and sisters, mamed into equally 
large and influential families, brought him into intimate touch with Society 
(with the largest S) m the ample and exclusive mid-Victorian period Lord 
Ernest knows both sides — and he writes with humour but penetration, with 
criticism but yet with understanding With 20 Illustrations m Collotype by 
A K Macdonald 10s ^ net 
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RAGGLE-TAQGLE 

By WALTER STARK IE 
With Frontispiece by Arthur Hackiiam 

Fourth Impression, I Oh* Gel* net 

‘One of the immortal trn\ el-hooks* Wonderful experiences,'— 
E B Osborn m The Morning Post 

‘An entrancing book Lone no haste in reading Hnggh-Taggle, 
1 guarantee continuous entertainment from cover to cover' CotieroN 
Mackenzie m The Daily Mail. 

‘He felt the irresistible fascination of this mysterious, derelict race, 
and he makes the cautious Northerner feel it, so that he, too, from 
his armchair has the itch to shed the shackles of comfort, respecta- 
bility, and a icgular time-table * The Times 

‘A remarkable book. His thousand -and -one adventures make 
extiaoidmanly interesting reading -Country Life 

‘ Fascinating and disturbing. Far away from ordinary eom]mriflmt8 ' — 
The Listener 


THE STORY OF 
SAN MICHELE 

By AXEL MUNTHE 

Thirty times printed in original edition at 16s net 
Twelve times printed m cheap edition at 7s 6d. net 

‘The most interesting biography I have read foi yeais Mis Patuck 
Campbell was masterfully insistent that I should lead the book She 
said, “There is something m this hook foi everybody” Theie is * — 
Arnold Bennett m The Evening Standard 

4 The revelation of a mofet iaie and unusual peisonality I 

have seldom lead anything more moving oi tendei It has style, wit, 
humour, great knowledge of the woild, mixed with that stiange 
simplicity of mmd that often is the attubute of genius’ — R B 
Cunninghams Graham m The Observer 

‘Told with a powei and an honesty which makes this a very 
remarkable document’ — Times Literary Supplement 



